
Background: Thyroid cancers are the most frequently 
occurring endocrine malignancy worldwide. In Turkey, 
thyroid cancers are ranked 2nd on the incidence list in 
women, with a rate of 16.2%, but they are not included 
among the top 10 cancer types in men.
Aims: To identify the contribution of the BRAFV600E 
mutation, and the RET/PTC1 and PAX8-PPARγ rear-
rangements in the diagnosis and differential diagnosis 
of follicular epithelial-derived thyroid lesions.
Study Design: Retrospective clinical and molecular 
genetic study.
Methods: A total of 86 thyroid cases diagnosed be-
tween 2001 and 2012 at the Department of Pathology 
were included in the retrospective study group. Sam-
ples best representing the lesion and comprising cap-
sules were chosen in the selection of paraffin blocks 
pertaining to the cases. The BRAFV600E mutation, and 
the RET/PTC1 and PAX8-PPARγ rearrangements were 
investigated in all cases.
Results: The BRAFV600E mutation was observed in 12 
out of 37 papillary carcinoma cases (32.4%), in 1 out 
of 15 follicular carcinoma cases (6.6%), and in 1 out of 
7 undifferentiated carcinoma cases (14.3%). No muta-
tion was detected in benign lesions.
The RET/PTC1 rearrangement was detected in 2 out 

of 7 undifferentiated carcinoma cases (28.6%), and in 
1 out of 15 follicular carcinoma cases (6.6%). No gene 
rearrangement was detected in benign lesions.
The PAX8-PPARγ rearrangement was detected in 5 out 
of 15 follicular thyroid carcinoma cases (33.3%) and in 
1 out of 15 follicular adenoma cases (6.6%).
Conclusion: The BRAFV600E mutation and RET/PTC1 
rearrangement were effective in distinguishing the fol-
licular epithelium-derived benign and malignant lesions 
of the thyroid in the resection materials. The BRAFV600E 
mutation was rather specific to papillary carcinoma in 
the thyroid, and in cases where the BRAFV600E mutation 
was detected, multi-centricity, lymph node metastasis 
and capsular invasion findings were observed more 
frequently compared to cases in which no mutation 
was observed. The PAX8-PPARγ rearrangement was 
observed to be more effective in the differentiation of 
adenomas and carcinomas in follicular neoplasms of 
the thyroid, whereas the RET/PTC1 analysis contrib-
uted to the differential diagnosis of papillary carcinoma 
histogenesis at a frequency of 29% in undifferentiated 
thyroid carcinomas.
Keywords: BRAFV600E, diagnosis, management, PAX8-
PPARγ, RET/PTC1, thyroid gland
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Thyroid cancers are the most frequently occurring endo-
crine malignancy worldwide. In Turkey, thyroid cancers 
are ranked 2nd on the incidence list in women, with a rate of 
16.2%, but they are not included into the top 10 cancer types 
in men (1). Thyroid nodules constitute the first finding in the 
majority of cases. Clinically detectable thyroid nodules are 
observed in 5-20% of society (2). Although most of these 
nodules are benign, 5-30% are malignant and require surgical 
treatment. Fine needle aspiration cytology (FNAC) is widely 
used in Europe and across the world in the differential diag-
nosis of thyroid nodules (3). Although fine needle aspiration 
clearly differentiates benign lesions from malignant lesions, 
FNAC is reported as ‘uncertain thyroid cytology’ in 20-30% 
of cases. In the 2010 Bethesda system utilized in reporting 
thyroid cytopathology (4), cases reported as atypical lesions 
with undetermined significance (AUS)/follicular lesions with 
undetermined significance (FLUS), follicular neoplasms (FN) 
and cases with suspicion of malignancy (SFN) were included 
in this group. Those diagnosed with ‘follicular neoplasm’ and 
‘suspicion of follicular neoplasm’ (FN-SFN) firstly undergo 
lobectomy, while those diagnosed with carcinoma in the histo-
pathological assessment of lobectomy are completed with to-
tal thyroidectomy with another surgical procedure. Therefore, 
if the power of preoperative morphological diagnosis may 
contribute to the differential diagnosis of thyroid nodules via 
molecular analysis, this may provide a significant contribution 
to the clinical management of the cases. Also, two-step or un-
necessary surgeries can potentially be avoided. 

Molecular analyses are important in both familial and 
non-familial thyroid carcinomas. In molecular studies, it has 
been observed that thyroid carcinomas emerge upon passing 
through a high number of molecular pathways. Four molec-
ular changes, namely BRAF and RAS point mutations, and 
RET/PTC and PAX8-PPARγ rearrangements, are the best de-
fined in the two most common forms of cancer of the thyroid, 
which are papillary and follicular thyroid carcinomas (5-9).

Genetic changes in the PI3K/AKT signaling pathway in 
thyroid carcinomas are reported to be found at higher rates in 
poorly differentiated carcinomas and at lower rates in well-
differentiated carcinomas (10-12). BRAF is the member with 
the strongest activation in the RAF kinase family and is abun-
dantly expressed in follicular thyroid cells (13,14). Activation 
of a mutation in the BRAF gene leads to a malignant transfor-
mation in follicular thyroid cells, which is a somatic genetic 
change and not a germline mutation (5,15-20). It is reported 
in many studies that papillary thyroid carcinoma cases with 
the BRAFV600E mutation have a more aggressive course and are 
directly associated with a large tumor diameter, early lymph 
node or distant organ metastasis, metastasis outside the thy-
roid and advanced stage disease (21-25).

The RET/PTC and NTRK1 proto-oncogene rearrangements 
are the best known among various genetic factors playing a 
role in the pathogenesis of papillary thyroid carcinoma. These 
genes, which are located on chromosome 1q21-q22, are mem-
bers of the receptor kinase family transferring the messages 
coming from outside the cells for cell growth and differentia-
tion (13,26-28). The new fusion genes shaped in papillary can-
cers are known as RET/PTC (ret/papillary thyroid carcinoma) 
(5,29,30). Sixteen RET gene rearrangement types have been 
defined. The most frequently known and thyroid-specific are 
RET/PTC1, 2 and 3 and the most widespread is RET/PTC1. 
RET/PTC1 is more common in papillary micro-carcinomas 
and classic-type papillary thyroid carcinomas, while RET/
PTC3 is more common in solid and tall cell subtype papillary 
thyroid carcinomas. The RET/PTC rearrangement is reported 
at a lower rate in the follicular subtype of papillary thyroid 
carcinoma compared to classical papillary thyroid carcino-
mas. RET/PTC proto-oncogene activation occurs in the early 
stage of papillary thyroid cancer. It is known that this acti-
vation is significantly higher, especially in papillary thyroid 
carcinomas developed in children and in those exposed to ra-
diation (31-34).

The PAX8-PPARγ (peroxisome proliferator-activated re-
ceptor gamma) rearrangement is a gene rearrangement oc-
curring as a result of the t(2;3)(q13;p25) translocation. It is 
a translocation that has been specifically defined in follicular 
carcinomas, between PAX8, which is a paired ‘homeobox’ 
gene that plays an important role in thyroid development, and 
receptor gamma 1 (PPAR gamma 1), which is activated with 
the peroxisome proliferator that is a nuclear hormone receptor 
playing an effective role in the differentiation of cells in the 
final stage. It encodes a copying factor which is mandatory 
for the proliferation of thyroid follicular cells (5,35). Tumors 
presenting the PAX8-PPARγ rearrangement are mostly found 
in young patients and are small in size, have a solid/nested 
growth pattern and mostly tend to cause vascular invasion 
(36).

The contribution of the BRAFV600E mutation and the RET/
PTC1 and PAX8-PPARγ rearrangements in the diagnosis and 
differential diagnosis in follicular epithelium-derived lesions 
of the thyroid has been investigated in this study.

MATERIALS AND METHODS

Patient selection
In the pilot study of the project (project no: 2012-31, ap-

proved by the Hospital Ethics Committee and sponsored by 
the Research Fund of the Hospital); DNA isolation was per-
formed for BRAF mutation on the cell samples obtained via 
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microlaser dissection from archival thyroid FNA slides while 
a modification was made to the method in order to include 
paraffin tissue sections in the study due to the inadequate qual-
ity of the RNA obtained for RET/PTC1 and PAX8-PPARγ 
rearrangements. Eighty-six cases, selected in a retrospective 
manner from the archives of the Pathology Clinic dated be-
tween 2001 and 2012 and reported as papillary thyroid car-
cinomas (n=37), follicular thyroid carcinomas (n=15), poorly 
differentiated thyroid carcinomas (n=7), undifferentiated thy-
roid carcinomas (n=7), follicular adenomas (n=15) and nodu-
lar hyperplasias (n=5), were selected for the study. Archived 
Hematoxylin and Eosin (H&E) sections of the cases included 
in the study were re-assessed to determine the paraffin blocks 
best representing the lesion and comprising the capsule were 
identified; then, 3-5 sections at a thickness of 8-10 microns 
were taken from these blocks in order to obtain a DNA/RNA 
isolation. Data relating to age, gender, lesion size, lymph node 
metastasis and tumor multi-centricity were recorded from the 
pathology reports and all sections were reviewed in terms of 
capsular and vascular invasion.

Molecular analyses
DNA and RNA isolations performed on paraffin tissue sec-

tions were measured and found to be adequate. The range of 
RNA amounts in the samples were measured approximately 
between 100-600 ng/µl by nanodrop. The quality of RNA 
was controlled via bio-analyzer (agilent) system. Besides, for 
cDNA control, real time PCR was performed by housekeeping 
gene ActB.

A High Pure RNA Isolation Kit (Roche®, Mannheim, Ger-
many, cat. No. 06 650 775 001) was used for RNA Isolation, 
a Transcriptor High Fidelity cDNA Synthesis Kit (Roche®, 
Mannheim, Germany) was used for cDNA synthesis and a 
High Pure PCR Template Preparation Kit (Roche®, Mannheim, 
Germany, cat. No. 06 650 767 001) was used for DNA Isola-
tion, in accordance with the protocols of the manufacturing 
companies.

The DNA samples that were obtained were preserved at 
-80°C until the relevant analyses were performed.

A melt curve analysis was conducted using the ready kit 
LightMix® Kit BRAFV600E (Roche®, Berlin, Germany Cat.-No. 
40-0406-96) for the BRAFV600E Mutation Analysis.

The primers F1: ATTGTCATCTCGCCGTTC, F2: 
CAAGAGAACAAGGTGCTGAAGAT, R1: TGTACCCT-
GCTCTGCCTTTC, R2: CTGCTTCAGGACGTTGAACT, 
UPL1 and UPL#63 (Roche®, Berlin, Germany cat. no. 
04688627001) were used for the RET/PTC 1 Rearrangement 
Analysis.

The primers F1: AGCCAGCACCACCTCGA, F2: ATTT-
GAGCGGCAGCACTAC, R1: TGGAATGTCTTCGTAAT-

GTGGA, R2: CTGCAACCACTGGATCTGTTC, and UPL1 
#5, (Roche®, Berlin, Germany cat. no. 04685024001) were 
used for PAX8-PPAR Gamma Rearrangement.

An absolute quantification was performed for RET/PTC1 
and PAX8/PPARγ. Amplification curves and CT values were 
obtained for positive samples. No amplification curve or CT 
value was obtained for negative samples.

Statistical analysis
Statistical analyses were conducted by using the Statisti-

cal Package for the Social Sciences (SPSS), version 15.0, for 
Windows (SPSS, Chicago, IL, USA). Numerical variables 
were summarized with average±standard deviations and 
[Min-Max] values, while categorical variables were summa-
rized with numbers and percentages. Shapiro Wilks test was 
used to analyze whether the numerical variables presented a 
normal distribution. The Kruskal Wallis test was used to in-
vestigate whether there was a difference in terms of numeri-
cal variables between groups. Paired comparisons were made 
with Bonferroni corrected Mann Whitney U test. The Mann 
Whitney U test was utilized to determine whether there was 
any difference between two groups in terms of numerical vari-
ables. Chi-square test was used to assess whether there was 
any difference between groups in terms of categorical vari-
ables. The level of significance was accepted as p<0.05.

RESULTS

The total number of subjects constituting the study group 
was 86; twenty (23%) of these were benign and 66 (77%) 
were malignant cases.

No statistically significant difference was observed between 
malignant and benign subject groups in terms of gender distri-
bution (p=0.318). However, the female gender was observed 
to be dominant in all cases (F: M=3/1).

The age distribution of the subjects varied between 9 and 81 
years, while the average age of benign and malignant subject 
groups was 47.0±16.7 years. The average age of undifferenti-
ated thyroid carcinoma was observed to be significantly high 
compared to all groups except for the poorly differentiated 
thyroid carcinoma group.

The cases were evaluated in terms of histological param-
eters with prognostic value, such as the tumor size, capsular 
invasion, vascular invasion, lymph node metastasis and tumor 
multi-centricity (Table 1).

No significant difference was observed between tumor 
types in terms of tumor size (p=0.051). The size varied be-
tween 1 and 4.2 cm in benign cases, while the average size 
was 2.5±1.0 cm. The tumor size distribution varied between 
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1 and 11 cm in malignant cases, while the average size was 
3.3±2.2 cm.

In the papillary carcinoma cases shown in Table 1 and dis-
playing a capsular invasion, 4 were classic type, 3 were fol-
licular subtype, 2 were diffuse sclerosing subtype, 1 was onco-
cytic subtype and 1 was tall cylindrical cell subtype.

All of the papillary carcinoma cases detected to have vascu-
lar invasion were classic type.

In 9 papillary carcinoma cases displaying a lymph node me-
tastasis, 5 were classic type, 2 were follicular subtype, 1 was 
oncocytic subtype and 1 was diffuse sclerosing subtype.

In 13 papillary carcinomas displaying multi-centricity, 2 
were classic type, 6 were follicular subtype, 3 were oncocytic 
subtype, 1 was diffuse sclerosing subtype and 1 was tall cylin-
drical cell subtype papillary thyroid carcinoma.

No difference was observed between benign tumors in terms 
of location (p=1.000). No statistical difference was observed 
between malignant tumors in terms of location (p=0.089).

Results of the genetic analysis relating to the subjects in the 
study group are presented in Table 2. The BRAFV600E muta-
tion was detected in 12 out of 37 papillary carcinoma cases 
(32.4%), in 1 out of 15 follicular thyroid carcinomas (6.7%), 
and in 1 out of 7 undifferentiated thyroid carcinoma cases 
(14.3%). Five out of 12 papillary thyroid carcinoma cases in 
which BRAFV600E positivity was detected were follicular sub-
type, 4 were classical type, and 3 were oncocytic subtype pap-
illary thyroid carcinomas (Figure 1a, b).

In this study, the BRAFV600E mutation was detected in line 
with literature and Turkish data in 12 (32.4%) out of 37 papil-
lary thyroid carcinoma cases. In cases where the BRAFV600E 
mutation was detected, multi-centricity, lymph node metasta-
sis and capsular invasion findings were observed more fre-
quently compared to cases where no mutation was detected. 
No BRAF mutation was observed in benign lesions (conven-
tional and oncocytic-type follicular adenoma, nodular hyper-
plasia), well differentiated tumor diagnostic case groups with 
undetermined malignancy potential, poorly differentiated thy-
roid carcinoma and conventional type follicular thyroid car-
cinoma.

The RET/PTC1 rearrangement was detected in 1 out of 9 
conventional follicular thyroid carcinoma cases (11.1%) and 
in 2 out of 7 undifferentiated thyroid carcinoma cases (28.6%) 
(Figure 2a, b). This genetic change was not detected in the 
papillary thyroid carcinomas, oncocytic-type follicular thy-
roid carcinomas, poorly differentiated thyroid carcinomas and 
benign lesions (conventional and oncocytic-type follicular ad-
enomas) included in the study.

The PAX8-PPARγ rearrangement was detected in 1 out of 
7 oncocytic-type diagnosed follicular adenomas (14.2%), in 3 
out of 9 conventional follicular carcinoma cases (33.3%), in 2 
out of 6 oncocytic-type follicular thyroid carcinomas (33.3%) 
and in 1 out of 37 papillary thyroid carcinoma cases (2.7%) 
(Figure 3a, b).
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 PC FC PDT UTC Total

Tumor size

1-2 cm 15 3 1 2 21

2-4 cm 16 2 1 2 21

Larger than 4 cm 6 10 5 3 24

Capsular invasion

Observed 11 15 6 7 39

Not observed 26 0 1 0 27

Vascular invasion     

Observed 3 9 5 4 21

Not observed 34 6 2 3 45

Lymph node metastasis

Observed 9 0 2 1 12

Not observed 28 15 5 6 54

Tumor multi-centricity

Observed 13 2 0 0 15

Not observed 24 13 7 7 51

Total 37 15 7 7 66

PC: papillary carcinoma; FC: follicular carcinoma; PDT: poorly differentiated carci-
noma; UTC: undifferentiated carcinoma

TABLE 1. Prognostic histopathological parameters in thyroid neoplasms

Histological BRAFV600E RET/PTC1 PAX8-PPARγ 
Diagnosis positive rearrangement rearrangement 
(no. of cases) cases (%) cases (%) cases (%)

PC (37)

Classical (14) 4 (29) - -

Follicular (15) 5 (33) - -

Oncocytic (5) 3 (60) - 1 (20)

Diffuse sclerosing (2) - - -

Tall cell (1) - - -

FC(15)

Oncocytic (6) 1 (17) - 2 (33)

Conventional (9) - 1 (11) 3 (33)

FA (15)

Oncocytic (7) - - 1 (14)

Conventional (8) - - -

PDT (7) - - -

UTC (7) 1 (14) 2 (29) -

NH (5) - - -

PC: papillary carcinoma; FC: follicular carcinoma; FA: follicular adenoma; PDT: 
poorly differentiated carcinoma; UTC: undifferentiated carcinoma; NH: nodular 
hyperplasia

TABLE 2. Molecular analysis results in thyroid neoplasms and benign lesions
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DISCUSSION

One of the most frequently encountered problems in the as-
sessment of follicular epithelium-derived lesions of the thyroid 
is the differentiation and typing of benign lesions from malignant 
lesions in lesions displaying a cytologically follicular pattern. 
Problems may arise in diagnostic and differential diagnoses when 
there are no evident papillary thyroid carcinoma nuclear charac-
teristics in these lesions histopathologically or when the capsular 
and/or vascular invasion assessment is insufficient.

The malignancy potential may not be determined in a group 
of cases even as a consequence of all histopathological and 
immunohistochemical assessments. Therefore, new diagnos-
tic and prognostic information is required on thyroid lesions. 
The oncogenic events playing a role in the onset and progress 
of thyroid cancers should be sufficiently enlightened and the 
diagnostic and prognostic importance carried by such infor-
mation for certain tumor types should be identified even if 
the clinical implementation is not yet clear. The preoperative 
diagnosis of the tumor, its impacts on biological behavior and 
the use of molecular markers for customized treatments will 
protect patients from unnecessary surgical procedures and 
therapies requiring lifelong replacement.

The preservation of genetic material obtained from fresh 
cytological material during the thyroid FNA procedure, which 
is increasing in use in clinical practice, and the conduct of 
molecular analysis studies for making a benign/malignant 
distinction in cases reported as ‘undetermined thyroid cytol-
ogy’ such as AUS, FN-FN suspicion and malignancy suspi-
cion in the ‘grey area’ in the cytopathological assessment, will 
be more beneficial for clinicians in terms of optimal patient 
management. It is urgently required to ensure standardization 
aimed at the cytomolecular and histomolecular pathological 
infrastructure among centers to serve this purpose. There are 
many studies in literature about the BRAF mutation as well 
as the RET/PTC and PAX8-PPARγ rearrangements. Although 
the BRAF mutation and RET/PTC rearrangements were gen-
erally found to be associated with carcinomas in these studies, 
the PAX8-PPARγ rearrangement was also detected in follic-
ular adenoma cases. A summary of literature analysis relat-
ing to genetic studies in thyroid lesions is shown in Table 3 
(2,10,17,23,28-30,34,35,37-52).

Many studies have demonstrated that the BRAFV600E muta-
tion and RET/PTC rearrangement constitute alternative path-
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FIG. 1. a, b. Papillary carcinoma (classic type), H&E (x200) (a); BRAF 
V600E Mutation Melting Curve Analysis (b).

a

b

FIG. 2. a, b. Undifferentiated (anaplastic) carcinoma, H&E (x400) (a); 
RET/PTC1 Rearrangement Amplification curve (b).

a

b
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ways in the etiopathogenesis of papillary thyroid carcinoma. 
Cases where the BRAFV600E mutation and RET/PTC rearrange-
ment coexisted have been reported in the literature (53,54). 
The coexistence of the BRAFV600E mutation and RET/PTC re-
arrangement was not detected in any subject in our study.

In the studies on the subtypes of papillary thyroid carcino-
ma, the BRAFV600E mutation was detected at a high rate in War-
thin-like, tall cell, diffuse sclerosing, solid and classic types, 
while the BRAFV600E mutation was detected at lower rates in 
follicular subtypes and oncocytic subtypes (38,41,55,56). Mu-
tations above the average rate of 25-30% (60%) reported in 
oncocytic subtype carcinomas for BRAF positivity and above 
the rates (33%) specified for follicular subtype papillary carci-
nomas (10% and lower) were detected in our study. No muta-
tion was detected in diffuse sclerosing (n=2 subjects) and tall 
cell (n=1 subject) subtypes of papillary carcinomas. However, 
it is not possible to perform a statistical interpretation due to 
the low number of subjects.

The BRAF mutation was not detected in follicular lesions 
in the literature, whereas positivity was observed in one onco-

cytic subtype follicular thyroid carcinoma in our study. Cap-
sular and vascular invasion was observed in the re-assessment 
of the case with all H&E and immune sections, while the 
nuclear characteristics and immune profile of papillary carci-
noma were not detected. It was reported that the detection of 
molecular characteristics, in the subjects diagnosed with the 
follicular subtype of papillary carcinoma, may be significant 
in terms of demonstrating a potential relation between the 
papillary-follicular thyroid carcinomas of these tumors (44).

It was reported in the literature that papillary thyroid car-
cinoma cases found to have a BRAFV600E mutation were more 
aggressive in studies assessing the relation between BRAFV600E 
mutation and prognosis and that metastasis outside the thyroid, 
lymph node and distant metastases increased, that there was a 
relation between advanced age and advanced stage tumor and 
that there was resistance to radioactive iodine therapy (18,43). 
In line with the literature and Turkish data, a BRAFV600E muta-
tion was detected in 12 out of 37 papillary thyroid carcinoma 
cases (32.4%). In cases where a BRAFV600E mutation was de-
tected, multi-centricity, lymph node metastasis and capsular 
invasion findings were observed more frequently compared to 
cases where no mutation was detected. In our study, we have 
observed that BRAFV600E mutation may be utilized for diagnos-
tic purposes in the benign/malignant distinction in follicular 
epithelium derived lesions of the thyroid.

Obtaining DNA smoothly with micro-laser dissection in 
fine needle aspiration materials provides facility in clinical 
applications of BRAF in the preoperative period. Further-
more, considering that papillary carcinoma cases where the 
BRAFV600E mutation is observed have worse prognostic pa-
rameters compared to those cases where the mutation is not 
observed, thyroidectomies and lymphadenoidectomies can be 
applied on a wider scale in cases where the BRAFV600E muta-
tion is observed compared to cases where no mutation is ob-
served.

Sixteen types of RET gene rearrangement have been de-
fined in the literature. The most commonly known, which are 
specific to the thyroid, are RET/PTC1, 2 and 3, with the most 
common being RET/PTC1. The RET/PTC rearrangement has 
been investigated in many studies. No RET/PTC arrangement 
was detected in benign lesions such as nodular hyperplasias 
and follicular adenomas in our study, as was the case with 
most of the studies in the literature (8,27,48).

The RET/PTC1 rearrangement was found to be mostly as-
sociated with papillary thyroid carcinomas, while the RET/
PTC3 rearrangement was found to be associated with radia-
tion-induced papillary thyroid carcinomas. Moreover, while 
conventional papillary thyroid carcinoma cases mostly have 
a classic type morphology, solid and follicular subtype mor-
phology is more commonly observed in subjects exposed to 
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FIG. 3. a, b. Oncocytic Subtype Follicular Carcinoma, H&E (x100) (a); 
PAX8-PPAR∂ Rearrangement Amplification Curve (b).

a

b
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radiation (29,51). Although it is specified in certain publica-
tions that papillary thyroid carcinomas with a solid morpholo-
gy, developing pursuant to exposure to radiation have a worse 
prognosis, no statistical observation was observed in the prog-
nosis of these subjects and gene rearrangement (5,29,51). 

The RET/PTC1 rearrangement was not detected in any pap-
illary carcinoma cases in our study. Considering all cases, the 
detection of the RET/PTC1 rearrangement in only 4 cases and 
no detection of the RET/PTC1 rearrangement especially in 
papillary thyroid carcinoma cases differs from the literature. 
We assume that this difference may arise from the fact that the 
papillary thyroid carcinoma cases in our study are within the 
adult age group (18-81) and do not have any history of radia-
tion exposure and also that we have analyzed only the RET/
PTC1 rearrangement in this study.

One of the remarkable points in our study is the detection of 
the RET/PTC1 rearrangement at a rate of 29% in undifferenti-
ated carcinomas. These data substantiate the referred papillary 
carcinoma histogenesis in undifferentiated carcinomas and the 
rate of 1/3 in the relevant literature. Considering the remark-
ably small number of studies on RET/PTC rearrangement in 
undifferentiated (anaplastic) and poorly differentiated carci-
noma cases in the literature, we believe that there is a need for 
larger series of controlled studies on this topic.

The PAX8-PPARγ rearrangement is a gene rearrangement 
occurring as a result of a t(2,3)(q13: p25) translocation. It en-
codes a copying factor required for the proliferation of fol-
licular thyroid cells (3,33). Positivity at different rates has 
been reported in the follicular neoplasm of the thyroid. Stud-
ies have demonstrated that tumors presenting a PAX8-PPARγ 
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 BRAFV600E RET/PTC PAX8-PPARγ

Name of  Year of No. of PC FC FA PDT UTC PC FC FA PDT UTC PC FC FA PDT UTC 
Study Study subjects % % % % % % % % % % % % % % %

Cheung et al. (28) 2001 73 - - - - - 64 - 0 - 0 - - - - -

Marques et al. (37) 2002 40 - - - - - - - - - - 0 56 13 - 0

Basolo et al. (34) 2002 90 - - - - - 31 - - - - - - - - -

Chiappetta et al. (30) 2002 31 - - - - - - 57 58 - - - - - - -

Nikiforova et al. (38) 2003 320 38 0 0 13 10 - - - - - - - - - -

Kimura et al. (39) 2003 124 36 0 0 - - 16 - - - - - - - - -

Nikiforova et al. (35) 2003 88 - - - - - - - - - - - 36 4 - -

Cheung et al. (40) 2003 28 - - - - - - - - - - - 35 55 - -

Travisco et al. (41) 2004 124 36 - - - - - - - - - - - - - -

Begüm et al. (42) 2004 23 80 0 - - 50 - - - - - - - - - -

Salvatore et al. (2) 2004 60 - - - - - 18 - 0 - - - - - - -

Xing et al. (23) 2005 219 49 - - - - - - - - - - - - - -

Şahin et al. (43) 2005 108 - - - - - - - - - - - 57 13 - -

Castro et al. (44) 2006 79 10 0 0 - - - - - - - 37 45 33 - -

Lupi et al. (45) 2007 500 44 - - - - - - - - - - - - - -

Sheu et al. (17) 2007 8 0 - - - - 28 - - - - - - - - -

Sapio et al. (46) 2007 168 46 0 0 - - - - - - - - - - - -

Kebebew et al. (47) 2007 347 51 1 - - - - - - - - - - - - -

Pizzolanti et al. (10) 2007 6 - - - - - 17 - 0 - - - - - - -

Mochizuki et al. (48) 2010 42 - - - - - 11 - - - 0 - - - - -

Marotta et al. (29) 2010 4 25 - - - - 25 - - - - - - - - -

Schimnich et al. (49) 2010 86 - - - - - - - - - - - 62 5 - -

Guerra et al. (50) 2011 71 - - - - - 36 0 - - 0 - - - - -

Kurtulmuş et al. (51) 2012 109 39 - - - - - - - - - - - - - -

Aday et al. (52) 2013 108 53 - - - - - - - - - - - - - -

Şahpaz et al.* 2013 86 32 7 0 0 14 0 7 0 0 29 3 33 7 0 0 
(presented study)
PC: papillary carcinoma; FC: follicular carcinoma; FA: follicular adenoma; PDT: poorly differentiated carcinoma; UTC: undifferentiated carcinoma

TABLE 3. Summary of literature relating to genetic analysis studies in thyroid lesions

162 Şahpaz et al. Follicular Epithelium Derived Thyroid Lesions



rearrangement are seen in younger patients and are associated 
with tumoral characteristics such as small size, solid/nested 
growth pattern and tendency to cause vascular invasion more 
frequently (5,6,34). However, the age range of 5 follicular thy-
roid carcinoma cases presenting a PAX8-PPARγ rearrange-
ment was 28-56 years and the average age was 42.6 years, 
while the tumor sizes varied between 1.8-6 cm, the mean size 
was 4.2 cm and the vascular invasion rate was detected as 2/5 
in our study.

Considering characteristics such as the fact that the follicu-
lar adenoma cases where a PAX8-PPARγ rearrangement was 
observed had a thick capsule and displayed a strong and wide-
spread immune-reactivity with HBME1 and galectin 3, it was 
reported that these cases could actually be pre-invasive and/or in 
situ follicular carcinomas (33). Vascular/capsular invasion was 
observed in the reviewed archive sections of the case diagnosed 
with oncocytic-type papillary carcinoma where a PAX8-PPARγ 
rearrangement was observed in this study, no diagnostic change 
was made in the case displaying an immune profile showing 
HBME1 and galectin 3 as well as a diffuse positivity of CK 19, 
but the patient was included in the close follow-up protocol in 
terms of potential hematogeneous metastasis.

Unlike that which is indicated in the literature, PPAX8-
PPARγrearrangement was detected at a rate of 33% in con-
ventional and oncocytic subtype follicular thyroid carcinoma 
cases in our study, while a PAX8-PPARγ rearrangement was 
detected in one follicular adenoma case (1/15). No vascu-
lar/capsular invasion was observed in the archived sections 
when this case was re-assessed. However, it was indicated in 
some studies that the follicular adenoma cases where a PAX8-
PPARγ rearrangement was detected, could be pre-invasive 
follicular carcinoma or could be diagnosed with adenoma due 
to overlooking the invasion during the histological assessment 
(33,57). In subjects where a differential adenoma/carcinoma 
diagnosis could not be made histomorphologically, the dif-
ferential diagnosis may be supported with PAX8-PPARγ re-
arrangement analysis and a close follow-up protocol can be 
applied post-surgically in the management of the patient.

It is obvious that the cases with undetectable malignancy 
potential will receive more specific diagnoses in situations 
where genetic analyses are utilized. RET/PTC1 and PAX8-
PPARγ analysis contributed to the differential diagnosis in 4 
out of 14 cases in our study. One of these displayed the mo-
lecular characteristics of papillary thyroid carcinoma while 
the other 3 displayed the molecular characteristics of follicular 
thyroid carcinoma.

In our study, positivity was not detected in any of the poorly 
differentiated thyroid carcinoma cases. Genetic analyses may 
be significant in terms of guiding us about the histogenesis, 
in case the differentiated areas are completely lost in these 

tumors. In undifferentiated (anaplastic) thyroid carcinomas, 
genetic analyses may be helpful in cases where it is difficult 
to make a differential diagnosis with metastases in addition to 
providing help for identifying papillary carcinoma histogen-
esis in particular, as was the case in our study.

Nikiforov et al. (58) mentioned in their manuscript that, spe-
cifically, BRAF, RET/PTC or PAX8-PPARγ mutations corre-
late with the malignant outcome in nearly 100% of cases, as-
suming that the analysis is performed in a clinical laboratory, 
following appropriate validation of the detection techniques. 
Further progress is required in diagnostic accuracy and it will 
probably be achieved in the near future upon to the availabil-
ity of novel technologies such as next generation sequencing 
(NGS), which offers simultaneous sequencing of thousands of 
millions of short nucleic acid sequences in a massively paral-
lel way and also includes whole genome sequencing (58).

In conclusion, BRAFV600E, RET/PTC1, and PAX8-PPARγ 
molecular analyses performed on paraffin tissues in follicu-
lar epithelium-derived lesions of the thyroid did not display 
a clearly diagnostic role, it was observed that BRAFV600E and 
RET/PTC1 analyses were useful in distinguishing between 
benign and malignant lesions.

Likewise, a PAX8-PPARγ rearrangement was not observed 
in any benign case in our study, except for an oncocytic-type 
follicular adenoma case. In terms of patient management, be-
nign oncocytic-type follicular adenoma and oncocytic-type 
papillary carcinoma cases displaying positivity in the PAX8-
PPARγ analysis may be included in a close post-surgical fol-
low-up protocol, as was the case in our study.

The BRAFV600E mutation is specific to the papillary carci-
noma diagnosis in our study as is also the case in the litera-
ture; in subjects in whom a BRAFV600E mutation was detected, 
multi-centricity, lymph node metastasis and capsular invasion 
findings were observed more frequently compared to subjects 
where no mutation was detected.

A RET/PTC1 gene rearrangement detected in 29% of undif-
ferentiated thyroid carcinomas contributed to the differential 
diagnosis for papillary carcinoma histogenesis.

Although molecular tests are welcomed with excitement 
in the field of targeted and individual therapy, for reasons 
such as the currently low sensitivity of molecular tests and 
the technical challenges in RNA isolation, only acceleration 
of the standardization process among the centers focused on 
the infrastructure of molecular pathology and the conduct of 
randomized controlled trials in a large case series followed-up 
clinically may pave the way for developments that may poten-
tially protect patients from unnecessary surgical procedures 
and lifelong lasting replacement therapies.
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