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Abstract 

Introduction  Papillary thyroid carcinoma (PTC) is the most common malignant lesion of the thyroid characterized 
by unique histological features like nuclear grooving, nuclear clearing, and intra-nuclear inclusions. However, nuclear 
grooves are observed even in benign thyroid lesions (BTL) like nodular goiter (NG), Hashimoto’s thyroiditis (HT), and 
follicular adenoma (FA) resulting in diagnostic dilemma of the presence of PTC in such BTL. RET/PTC gene translo-
cation is one of the most common oncogenic rearrangements seen in PTC, known to be associated with nuclear 
grooving. Among different types of RET/PTC translocations, RET/PTC1 and RET/PTC3 gene translocations are the most 
common types. These translocations have also been identified in many BTL like hyperplastic nodules and HT. Our 
study aimed to determine the frequency of nuclear grooving in BTL and evaluate their association with RET/PTC1 and 
RET/PTC3 gene translocation.

Methods  Formalin-fixed, paraffin-embedded (FFPE) tissue blocks of NG, HT, and FA were included in the study. 
The hematoxylin and eosin (H&E) stained sections were evaluated for the presence of nuclear grooving/high power 
field (hpf ) and a scoring of 0 to 3 was used for the number of grooves. Sections of 10 μ thickness were cut and the 
cells containing the nuclear grooves were picked using Laser-Capture microdissection. About 20 to 50 such cells 
were microdissected in each of the cases followed by RNA extraction, cDNA conversion, realtime-polymerase chain 
reaction (RQ-PCR) for RET/PTC1 and RET/PTC3 gene translocation, and the findings were analyzed for statistical 
significance.

Results  Out of 87 BTL included in the study, 67 (77.0%) were NG, 12 (13.7%) were HT, and 8 (9.2%) were FA. Thirty-
two cases (36.8%) had nuclear grooving with 18 out of 67 NG, 6 out of 12 HT, and all 8 cases of FA showing a varying 
number of nuclear grooves. A significant association between the number of nuclear grooves with RET/PTC gene 
translocation (p-value of 0.001) was obtained. A significant association of HT with RET/PTC gene translocation (p-value 
of 0.038) was observed. RET/PTC1 and RET/PTC3 translocation were seen in 5 out of 87 cases, with HT showing posi-
tivity in 2 and FA in 1 case for RET/PTC1 and HT in 1 and FA in 2 cases for RET/PTC3 gene translocation with 1 case of 
FA being positive for both RET/PTC1 and RET/PTC3 gene translocation.

Conclusions  The frequency of nuclear grooving among BTLs in our study was 36.8%. Our study shows, that when 
BTLs, show nuclear grooves, with an increase in the nuclear size, oval and elongated shape, favors the possibility of 
an underlying genetic aberration like RET/PTC gene translocation, which in turn supports the reporting pathologist 
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to suggest a close follow up of the patients on seeing such nuclear features on cytology or histopathology sample, 
particularly in HT.

Keywords  Benign thyroid lesions, Nuclear grooving, RET/PTC1, And RET/PTC3 gene translocation

Introduction
Papillary carcinoma of the thyroid (PTC) is one of the 
most common malignant lesions of the thyroid character-
ized by unique histological features like papillary pattern, 
nuclear grooving, nuclear clearing, and intra-nuclear 
inclusions [1, 2]. Nuclear grooving which is an important 
diagnostic criterion in PTC is sometimes observed even 
in benign conditions like nodular goiter (NG), Hashi-
moto’s thyroiditis (HT), and follicular adenoma (FA) 
resulting in the diagnostic dilemma of the presence of 
PTC in such benign thyroid lesions (BTL) [3]. RET/PTC 
gene rearrangement is one of the common genetic altera-
tions seen in PTC, causing oncogenic rearrangement 
of RET gene and accounting for about 20–40% of adult 
sporadic PTC [4, 5]. RET/PTC rearrangement occurs 
as a genetic event following recombination between the 
3′ tyrosine kinase portion of RET and the 5′ portion of 
a partner gene. Depending upon the type of the partner 
gene, 13 different types of RET/PTC translocations have 
been described. The CCDC6, also known as the H4 gene, 
is a 5’ partner gene with RET/PTC 1, and NCOA4, also 
known as ELE1 acts as a 5’ partner gene to the 3’ tyrosine 
domain of RET gene in RET/PTC3, which are the most 
common type of RET/PTC translocations [6]. In recent 
times, these translocations have also been identified in 
many benign thyroid lesions (BTL) like hyperplastic nod-
ules and Hashimoto’s thyroiditis (HT) [7–10]. It has been 
shown that benign thyroid lesions with RET/PTC trans-
location have a rapid growth rate necessitating surgery 
[11]. RET/PTC gene translocation is known to be asso-
ciated with nuclear irregularity in thyrocytes, including 
nuclear grooving and intranuclear inclusions [12].

We intended to determine the frequency of nuclear 
grooving in BTLs and evaluate their association with 
RET/PTC1 and RET/PTC3 gene translocation with the 
research question of whether the BTL showing nuclear 
grooving has RET/PTC gene translocations resulting in 
such nuclear abnormality and whether nuclear groov-
ing can be a surrogate marker for RET/PTC gene trans-
location in BTL necessitating further follow-up of the 
patients.

Materials and methods
Sample collection
The study was conducted after obtaining ethical commit-
tee clearance from the institution. It was a retrospective 

study conducted between January 2018 to December 
2019. It included 87 randomly selected thyroid speci-
mens, which were histopathologically diagnosed as BTLs 
in the department of Pathology out of 145 cases of BTLs, 
diagnosed during the study period. The patients were 
subjected to thyroid surgeries with a clinical history of 
thyroid enlargement which included; diffuse thyroid 
enlargement in 14 cases (10%), solitary thyroid nodule 
in 26 cases (29.8%), and multinodular goiter in 47 cases 
(54%). The formalin-fixed, paraffin-embedded (FFPE) 
blocks of eighty-seven histopathologically confirmed 
BTL were retrospectively retrieved and included in the 
study.

Histopathological examination
The tissue FFPE blocks were of NG, HT, and FA. The 
hematoxylin and eosin (H&E) stained sections of BTLs 
were evaluated for the presence of nuclear grooving/high 
power field (hpf) and a scoring of 0 to 3 was used for the 
number of grooves. The nuclear grooving was defined as 
a longitudinal nuclear ridge involving more than half of 
the nucleus as shown in Fig. 1. Sections with no groov-
ing were scored zero, sections with 1–3 nuclear grooves/
hpf, 4–9 nuclear grooves/hpf, and more than 10 nuclear 
grooves/hpf, were graded 1 + , 2 + , and 3 + respectively. 
The scoring for nuclear grooving was developed based 
on the common frequency with which the grooved cells 
could be identified on H& E sections and areas could be 
marked for laser capture micro-dissection. The “cut-off” 
of the number of cells /hpf was defined only for the ease 

Fig. 1  Shows thyroid follicular cells with an oval elongated 
appearance and longitudinal nuclear groove
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of work with the Laser as one pass of the laser would cut 
4–5 adjacent cells, it would help us to know the number 
of laser passes needed per section and not based on any 
previous studies or guidelines.

The cells with nuclear grooving were also evaluated 
for nuclear shape (Fig. 2), the increase in the size of the 
nucleus, and the presence of nuclear crowding. The size 
of the nucleus was assessed by comparing it with normal-
appearing thyroid tissue, and follicular cells. The nucleus 
was scored 0 to 1 + with no or minimal nuclear enlarge-
ment and was scored 2 + to 3 + if the nucleus was one and 
a half times to double the size of the normal-appearing 
follicular cells.

The nuclear crowding was scored from 0 to 3. The 
score 0 was no crowding, 1 + minimal, 2 + moderate, and 
3 + extensive nuclear crowding as shown in Fig. 3.

Laser capture microdissection
Multiple sections of 10 μ thickness were cut and depar-
affinized. The slides were stained with hematoxylin for 
the detection of nuclear features. The areas containing 
cells with nuclear grooving were marked, which were 
then cherry-picked using Laser-Capture micro-dissec-
tion (Palm-Zeiss).

RT‑PCR
About 20 to 50 such cells were micro-dissected in each of 
the cases and RNA was extracted using a single-cell RNA 
extraction kit (Arcturus paradise plus reagent, Applied 
Biosystems) followed by RNA quantification with 

multiSkan Skyhigh spectrophotometer. The Real-time 
PCR with Taqman gene expression assay was performed 
using AgPath-ID™ One-Step RT-PCR kit (Applied Bio-
systems) using RET/PTC1, RET/PTC3 primer–probe. 
ACTB gene (TaqMan Gene expression assay, ThermoFis-
cherScientific) was the internal control and PTC samples 
with known RET/PTC1 and RET/PTC3 translocation 
were used as a positive control. The primer–probe used 
in the study is shown in Table 1.

The PCR was performed using 2X RT-PCR Buffer, 12.5 
μL, Forward and reverse PCR primers/ TaqMan® probes, 
1 μL, 25X RT-PCR Enzyme Mix 1 μL, RNA sample 2–4 
μL (based on the RNA quantification) to make up the 
total volume per reaction to 25 μL. The PCR was set up 
with conditions as shown in Table 2.

The RET/PTC translocation results of RT-PCR being 
a qualitative assay were read as positive or negative as 
shown in Fig. 4.

Statistical analysis
The results were compared with various histopathological 
features for any statistically significant association. Based 
on the study by Rossella Elisei et al. [14] who showed that 
29.2% of the BTLs have RET/PTC rearrangement, on 
applying the formula n = Z2* p * (1-p)/e2, where e = error 
margin of 10%, Z = 1.96 (for 95% confidence limits and 
α/2 = 0.025), we arrived at a sample size of 83 BTLs sam-
ples. We included 87 samples of BTLs diagnosed during 
the study period.

Fig. 2  Shows the shape of the thyroid follicular cells with nuclear grooves. A Shows a follicular cell with a round nucleus. B Shows an oval 
appearance of the follicular cell

Fig. 3  Shows varied nuclear crowding of the follicular cells with nuclear grooving. A Shows the crowding of score 0, B Score 1 + , C Score 2 + , D 
Score 3 + crowding
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Statistical tests were done on, www.​opene​pi.​com. 
Descriptive statistics were used was used for the analysis 
of age and sex distribution. The chi-square test was used 
for the analysis of various dependent categorical vari-
ables and a p-value of 0.05 was reported as statistically 
significant.

Results
Histopathological examination
Eighty-seven histopathologically confirmed cases of BTL 
were included in the study. The male-to-female ratio in 
the study was 1:5.6. The age group ranges from 20 to 70 
yrs with the majority of the cases concerning patients 
between 31–40  years. Out of 87 BTL cases, 67(77.0%) 
were NG, 12 (13.7%) were HT, and 8 (9.2%) were FA. 
The difference in the number of cases in each category 
reflects the true number of cases seen in our department 
in each category.

Out of eighty-seven cases, the number of BTL with 
different scores of grooving, size, and crowding are 
described in Fig. 5.

Thirty-two cases (36.8%) had nuclear grooving with 
18 out of 67 NG (26.8%), 6 out of 12 HT (50%), and all 
8 cases of FA (100%) with a varying number of nuclear 
grooves as seen in Fig. 6.

RT‑PCR for RET/PTC1 and RET/PTC3 gene translocation
RET/PTC1 and RET/PTC3 translocation were seen in 5 
out of 87 (5.74%) cases as seen in Table 3.

On applying Chi-square Test to look into the associa-
tion of RET/PTC rearrangement with Histopathological 
diagnosis, it was seen that a statistically significant asso-
ciation was seen between the histopathological diagnosis 
and RET/PTC translocation (p-value 0.0001) as shown in 
Table 4.

On assessing the association between various nuclear 
features with RET/PTC translocation, using the chi-
square test it was seen that nuclear grooving with an 
increase in nuclear size and oval elongated shape had a 
statistically significant association with RET/PTC trans-
location as seen in Table 5.

On assessing the association between nuclear crowding 
with RET/PTC translocation using the chi-square test, 
no statistically significant association between nuclear 
crowding and RET/PTC translocation was observed 
(p- 0.097).

On assessing the association between nuclear grooving 
among different BTL with RET/PTC translocation, using 
the chi-square test, it was seen that the nuclear grooving 
in HT was associated with RET/PTC translocation. How-
ever, no association between increased grooving with 
translocation was seen. No statistically significant associ-
ation between nuclear grooving in FA and NG with RET/
PTC translocation was observed (Table 6).

Nuclear grooving showed a statistical association with 
RET/PTC1 and RET/PTC3 gene rearrangement, using 
the chi-square test (Table 7).

Discussion
The thyroid is a unique endocrine organ where both 
benign and malignant lesions can co-exist. PTC is the 
most common thyroid malignancy and is often present 
along with BTLs like HT or NG more often than, with-
out any pre-existing thyroid pathology [15–17]. Although 
the histopathological features of PTC have been very well 
defined, many BTLs do show some nuclear features mim-
icking PTC. Nuclear grooving is a longitudinal nuclear 
membrane invagination seen along the long axis of the 
nucleus of thyroid follicular cells with an oval rather 

Table 1  Shows RET/PTC1, RET/PTC3, and ACTB primer–probe sequences. Rhoden KJ. [13]

RET/PTC1 Forward primer GAA​CCG​CGA​CCT​GCG​CAA​A

RET/PTC1 Reverse Primer CAA​GTT​CTT​CCG​AGG​GAA​TTCC​

RET/PTC1 Probe 6 FAM- CAA GCG TAA CCA TCG AGG ATC CAA AGT-TAMRA

RET/PTC3 Forward primer CCC​CAG​GAC​TGG​CTT​ACC​C

RET/PTC3 Reverse Primer CAA​GTT​CTT​CCG​AGG​GAA​TTCC​

RET/PTC3 Probe 6FAM-AAA GCA GAC CTT GGA GAA CAG TCA GGA GG-TAMRA

ACTB Forward primer AGC CTC GCC TTT GCC GA

ACTB Reverse Primer CTG GTG CCT GGG GCG​

ACTB Probe VIC- CCG GCT TCG CGG GCG AC—TAMRA

Table 2  Shows PCR conditions for the Taqman gene expression 
assay

Settings Step 1 Step 2 Step 3

Stage Reverse 
transcription

denaturation PCR (dena-
turation)

PCR 
(anneal/
extend)

Temperature 450 950 950 600

time 10 min 10 min 15 s 45 s

http://www.openepi.com
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than round appearance. These features are always given 
significant importance in thyroid cyto-histopathology 
in differentiating non-neoplastic from neoplastic lesions 
particularly, in the PTC. But, when nuclear grooves with 
oval shape, chromatin clearing, and nuclear overlapping, 
are seen in BTLs, they do cause a diagnostic dilemma, 
resulting in the diagnosis of “atypical cytology/indetermi-
nate significance” on fine needle aspiration (FNA) sam-
ples [3, 18, 19]. C D Scopa et al. studied 80 non-papillary 
thyroid lesions both neoplastic and non-neoplastic and 
showed that nuclear grooving was present in a variety 
of thyroid lesions with 76% of the BTLs having grooves 
of ≤ 6/hpf [3]. The frequency of nuclear grooving among 
BTLs in our study was 36.8% but studies have reported 
the frequency of grooving to range between 3.6% to 52.4% 

based on the history of irradiation [6, 19]. Various studies 
have tried to ascertain the significance of nuclear groov-
ing, which are functional channels connecting the nuclear 
envelope to the chromatin and have been proposed 
to have a possible role in Ca + + signaling ortransport 
from the cytoplasm to the nucleus [12, 20]. Some studies 
have put forth a semi-quantitative approach of counting 
the number of cells with nuclear grooves and categoriz-
ing the lesions as either PTC, indeterminate cytology or 
benign lesions [21]. Benign thyroid hyperplastic nodules 
are typically characterized by thyroid follicular cells with 
small, round, dark nuclei and a honeycombing pattern of 
arrangement. However, focal nuclear atypia, including 
grooves, oval shape, chromatin clearing, and  overlap-
ping, have been reported in hyperplastic nodules, which 

Fig. 4  Shows the RT-PCR results in the amplification plot

Fig. 5  Shows the scoring of nuclear features among different benign thyroid lesions
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Fig. 6  Shows PTC-like nuclear features in various BTLs. A Nodular Goiter showing fibrous septae with follicles of varying size in the inset. The 
area marked in the Inset is been seen in 40 × showing cells with nuclear grooving, round (red arrows, and oval nuclei (yellow arrows). Score 0 
to 1 crowding is seen. B Follicular adenoma showing follicles of varying sizes. The area marked as in the Inset is been shown in 40 × showing 
cells with nuclear grooving and oval nuclei (yellow arrowheads). Score 0 to 1 crowding is seen. C Hashimoto thyroiditis showing follicles with 
lymphoplasmacytic infiltrate. The area marked as in the Inset is been shown in 40 × showing cells with nuclear grooving, and oval nuclei (yellow 
arrowheads), with score 1 crowding and the size of the nucleus increased to score 3

Table 3  Shows the number of cases showing RET/PTC translocation

a One case of FA showed Positivity for both RET/PTC1 and RET/PTC3. No 
translocation was seen in the nodular goiter

RET/PTC1 RET/PTC3

NG (Nodular goiter) 0 0

HT (Hashimoto thyroiditis) 2 1

FA (Follicular adenoma) 1a 2a

Table 4  Shows an association of histopathological diagnosis 
with RET/PTC1 and RET/PTC3 translocation

Diagnosis RET / PTC Translocation P Value

Positive Negative

NG 00 (0.0) 67 (81.7) 0.0001

HT 03 (60.0) 09 (11.0)

FA 02 (40.0) 06 (07.3)

Total 05 (100.0) 82 (100.0)
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leads to diagnostic difficulties and can be mistaken for 
PTC  [18, 19]. Studies have also shown that some of the 
BTL like FA, HT, and adenomatous goiter show positivity 
for RET/PTC gene translocation by RT-PTC [7]. Among 
the BTLs, HT is commonly associated with PTC and 
micro-papillary tumors [22, 23]. Small clusters of cells do 
show PTC-like nuclear features, particularly grooving in 
HT [21, 24, 25]. 

However, there is no definitive demarcation of cells 
with such PTC-like nuclear features to make a defini-
tive diagnosis of PTC. It  could be hypothesized that 
chronic inflammation with auto-antibody production 
and T-cell mediated cytotoxic effect in HT, might result 
in DNA damage and genetic alterations [24].  We 
observed that 6 out of 12 cases of HT, had grooving, 
with 3 out of 6 cases being positive for RET/PTC gene 
translocation. There was a statistically significant asso-
ciation of nuclear grooving in HT with genetic altera-
tion like RET/PTC translocation. Apart from grooving, 
nuclear enlargement, irregular nuclear membrane, 
and clearing due to peripheral chromatin condensa-
tion were also commonly seen in our study suggesting 
the possibility of genetic or epigenetic alterations. The 
study by Dae-Young Kang et al. on normal thyrocytes, 
oxyphil cells, and PTC cells dissected by Laser capture 
to study the RET/PTC-RAS-BRAF cascade in these 
cells  showed an increased nuclear expression of RET, 
RAS, and ERK proteins in oxyphil cells, PTC cells and 
concluded a molecular link between Hurthle cell meta-
plasia and PTC progression [26]. 

Our study also favors that genetic alterations like RET/
PTC gene translocation results in PTC-like nuclear mor-
phology in HT and  that, there could be further addi-
tional mutations or alterations in downstream signaling 
pathways or unknown epigenetic alterations  respon-
sible for the overt development of PTC in HT. As stud-
ies have shown that PTC associated with HT are usually 
multifocal and  aggressive [22],  it is worthwhile looking 
for the PTC-like nuclear features in HT on cytology, 
particularly nuclear grooving, as regular follow-up  with 
ultrasound and FNA can be warranted for any increase 
in the size of the lesion and early detection of PTC. As 
induction of  RET/PTC alterations has shown to induce 

Table 5  Shows the association of nuclear features like grooving, 
size and shape with RET/PTC translocation

Grooving RET/PTC Translocation P Value

Positive Negative

0 0 (0.0) 55 (67.1) 0.001

1 02 (40.0) 16 (19.5)

2 01 (20.0) 08 (9.8)

3 02 (40.0) 03 (3.7)

total 05 (100.0) 82 (100.0)

size RET/PTC Translocation P Value

Positive Negative

0 0 (0.0) 43 (52.4) 0.002

1 01 (20.0) 23 (28.0)

2 02 (40.0) 13 (15.9)

3 02 (40.0) 03 (3.7)

total 05 (100.0) 82 (100.0)

Shape RET/PTC Translocation P Value

Positive Negative

Oval 03 (60.0) 12 (14.6) 0.034

Round 02 (40.0) 70 (85.40

Total 05 (100.0) 82 (100.0)

Table 6  Shows the association of histopathological diagnosis 
with nuclear grooving and RET/PTC translocation

Diagnosis Grooving Mutation P Value

Positive Negative

FA 1 0 (0.0) 04 (66.7) 0.264

2 1 (50.0) 01 (16.7)

3 1 (50.0) 01 (16.7)

HT 0 0 (0.0) 06 (66.7) 0.038

1 02 (66.7) 01 (11.1)

2 0 (0.0) 02 (22.2)

3 01 (33.3) 0 (0.0)

NG 0 0 (0.0) 49 (73.1) 1.000

1 0 (0.0) 11 (16.4)

2 0 (0.0) 05 (07.5)

3 0 (0.0) 02 (3.0)

Table 7  Shows the association of nuclear grooving with RET/
PTC1 and RET/PTC3 gene translocation

Grooving RET/PTC 1 Translocation P Value
Positive Negative

0 0 (0.0) 55 (65.5) 0.0001

1 01 (33.3) 17 (20.2)

2 0 (0.0) 09 (10.7)

3 02 (66.7) 03 (3.6)

Grooving RET/PTC 3 Translocation P Value

Positive Negative

0 0 (0.0) 55 (65.5) 0.048

1 01 (33.3) 17 (20.2)

2 01 (33.3) 08 (09.5)

3 01 (33.3) 04 (04.8)
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nuclear irregularities in some studies, genetic testing 
for RET/PTC alteration in an FNA sample of HT show-
ing increased nuclear grooving with oval and elon-
gated nucleus might aid in the early detection of PTC 
[27].  Apart from nuclear grooving, many studies have 
shown intra-nuclear pseudo-inclusions in HT [24].  The 
intra-nuclear pseudo-inclusions of PTC are distinct and 
appear as “punched out” areas in the nucleus, whereas in 
BTLs they appear as vague nuclear clearings.

Follicular neoplasms are another benign lesion show-
ing nuclear grooving. In our study, all 8 cases of FA, 
showed grooving of varying degrees with RET/PTC 
gene translocation seen in 2 cases. The follicular lesions 
range from FA to the newer entities of WHO Classifica-
tion, the borderline tumors like “Uncertain malignant 
potential (UMP)” and “noninvasive follicular thyroid 
neoplasm with papillary-like nuclear features” (NIFTP) 
[28]. The distinction between FA and the borderline enti-
ties is based on the scoring of PTC-like nuclear features, 
further pressing the significance of nuclear grooves. 
Although our study did not show any statistical signifi-
cance between grooving and RET/PTC translocation in 
FA, closer observation for PTC-like nuclear features will 
aid in a definitive diagnosis, warranting regular follow-
up of the patient for any rapid increase in the size of the 
lesion and planning further management.

Many non-thyroid lesions and tumors also show 
nuclear groovings like granulosa cell tumor of the ovary, 
mesothelioma, and Langerhans cell histiocytosis, to name 
a few. These lesions have different underlying genetic 
alterations, pointing to the fact that nuclear irregularities 
can have multiple causative factors like BRAF mutations 
in Langerhans cell histiocytosis and FOXL1 gene muta-
tion in ovarian granulosa cell tumor [29].

Conclusions
To conclude, our study emphasizes, that, nuclear groov-
ing can be seen in BTLs also and is not restricted only 
to PTCs. The frequency of nuclear grooving among 
BTLs in our study was 36.8%. Our study shows, that 
when BTLs, show nuclear grooves, with an increase 
in the nuclear size, oval and elongated shape, favors 
the possibility of an underlying genetic aberration 
like RET/PTC gene translocation, which in turn sup-
ports the reporting pathologist to suggest a close fol-
low up of the patients on seeing such nuclear features 
on cytology or histopathology sample, particularly in 
HT. However, the limitation of our study was that only 
RET/PTC 1 and 3 gene translocations were studied and 
the possibility of other genetic alterations responsible 
for nuclear irregularities was not looked into. Also, our 
study did not show, any significant association between 
the number of nuclear grooves and the rearrangement, 

making it difficult to assess the “cut-off” level of call-
ing significant nuclear grooving in a clinical setting. To 
answer our research question of whether the BTLs have 
RET/PTC gene translocations responsible for nuclear 
grooving and whether nuclear grooving can be used 
as a surrogate marker for RET/PTC gene translocation 
in BTL, although a significant number of HT showed 
RET/PTC gene translocation, not all grooved cells were 
positive for the translocation, implying nuclear grooves 
in histo-cytopathology cannot be used as surrogate 
markers for RET/PTC gene translocation, but rather 
occur due to multifactorial causes.
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