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Relation of 18F-FDG PET/CT Positivity with
Tumor Cytopathology, Galectin-3, PTEN,
Ki-67 and NIS Expressions in Thyroid Nodules
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Abstract

Objective: The expressions of certain molecular markers have
been found to be related with 18F-FDG uptake in differentiated
thyroid cancer. The goal of this study was to assess the relati-
onship between NIS, galectin-3, PTEN, Ki-67 expressions and
18F-FDG positron emission tomography positivity in thyroid no-
dules.

Material and Methods: Fifteen patients with 27 nodules who
had incidental focal 18F-FDG uptake in thyroid and underwent
total thyroidectomy were included. Immunohistochemical stai-
ning with galectin-3, NIS, PTEN, and Ki-67 were performed.
Results: Among the 27 nodules, 19 nodules were diagnosed as
papillary thyroid carcinoma. Malignant- positron emission to-
mography positive (n=13), malignant-positron emission to-
mography negative (n=6) and benign-positron emission
tomography positive nodules (n=8) were classified as group A,
B, and C, respectively. PTEN loss was frequent in the malignant
nodules compared to the benign ones [19 (42.1%) vs. 1
(12.5%), p=0.01]. NIS positive staining was significantly fre-
quent in older patients (p=0.019). Mean Ki-67 proliferation
index, galectin-3, PTEN and NIS expressions were not different
between the three groups. SUV 54 values were not statistically
different between the malignant and benign nodules with focal
18F-FDG uptake (7.7+5.4 vs. 7.0 4.4, p=0.8).

Conclusion: The FDG-positron emission tomography/computed
tomography positivity was not associated with Galectin-3, NIS,
Ki-67 and PTEN expressions. SUV 54 values were not different
in the malignant and benign nodules but the PTEN loss was fre-
quent in malignant nodules. We suggest that the role of mole-
cular markers in the development of differentiated thyroid
cancer with 18F-FDG uptake should be investigated in further
studies with a larger patient group.

Keywords: Differentiated thyroid cancer; PTEN; Ki-67;
NIS; Galectin-3; 18F-FDG PET/CT

Ozet

Amag: Diferansiye tiroid kanserinde bazi molekiler belirtegle-
rin ekspresyonu ile 18F-FDG tutulumunun iliskili oldugu gos-
terilmistir. Bu galismada, tiroid nodullerinde NIS, galectin-3,
PTEN, Ki-67 ekspresyonlari ile 18F-FDG pozitron emisyon to-
mografisi/bilgisayarl tomografide tutulum varligi arasindaki
iliskinin degerlendirilmesi amaglanmistir.

Gereg ve Yontemler: Fokal 18F-FDG tutulumu olan ve total
tiroidektomi uygulanan 15 hastanin 27 noduli galismaya dahil
edilmistir. Galectin-3, NIS, PTEN ve Ki-67 immunohistokimya-
sal boyamalari degerlendirilmistir.

Bulgular: Calismaya dahil edilen 27 nodulin 19’unda papiller
tiroid kanseri saptanmistir. Malign-pozitron emisyon tomografisi
pozitif (n=13), malign-pozitron emisyon tomografisi negatif
(n=6) ve benign-pozitron emisyon tomografisi pozitif noduller
(n=8) sirasiyla Grup A, B ve C olarak gruplandiriimistir. PTEN
kaybi, malign nodillerde benign nodullerle karsilastirildiginda
daha sik saptanmistir [19 (%42,1) vs. 1 (%12,5), p=0,01]. NIS
pozitif boyanma sikhdi yasl hastalarda anlaml olarak yuksek
bulunmustur (p=0,019). Ortalama Ki-67 proliferasyon indeksi,
galectin-3, PTEN ve NIS ekspesyonlari agisindan (g grup ara-
sinda anlamh fark gérilmemistir. Fokal 18F-FDG tutulumu olan
malign ve benign noddiller arasinda SUX,ax degerleri agisindan
anlaml fark gérilmemistir (7,7£5,4 vs. 7,0+4,4, p=0,8).
Sonug: FDG-pozitron emisyon tomografisi/bilgisayarli tomo-
grafi tutulumu ile galectin-3, NIS, Ki-67 and PTEN ekspres-
yonlari arasinda anlaml iliski bulunamamistir. Malign ve
benign noddiller arasinda SUV 55 dederleri agisindan fark sap-
tanmamistir. Malign nodullerde PTEN kaybi sikligi daha ylksek
saptanmistir. Molekuler belirteglerin 18F-FDG tutulumunu gos-
teren diferansiye tiroid kanseri gelisimindeki roll, yeni aras-
tirmalarda daha genis hasta gruplari ile dederlendirilmelidir.

Anahtar kelimeler: Diferansiye tiroid kanseri; PTEN; Ki-67;
NIS; Galectin-3; 18F-FDG PET/BT
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Introduction

Thyroid incidentalomas are asymptomatic
thyroid lesions that can be detected by im-
aging. 18F-fluoro-2-deoxy-d-glucose (FDG)
positron emission tomography (PET) is a
functional technique, which is useful for di-
agnosis, staging, restaging, and follow-up
of many cancer types. Thyroid incidentalo-
mas are found in 1.2-2.3% of 18F-FDG-
PET/CT scans and malignancy risk of these
lesions varies between 25-50% (1, 2). The
most frequent malignant thyroid tumor
found incidentally by 18F-FDG-PET/CT is
papillary thyroid carcinoma (3). Further,
18FDG-PET CT could be useful in prevent-
ing unnecessary surgery for benign nod-
ules with indeterminate cytology results
(4).

The reasons for 18F-FDG accumulation in
benign or malignant lesions have not been
clearly explained. However, the focal FDG
uptake by benign, poorly differentiated,
and also by well-differentiated nodules sug-
gest that the molecular alterations, re-
sponsible for increased glucose metabolism
in tumor tissue, may lead to a PET-CT pos-
itivity (3).

Previous studies have reported an associa-
tion between expressions of molecular
markers and uptake of 18F-FDG in FDG-
PET scans in certain types of cancer includ-
ing thyroid tumors. An inverse relationship
between NIS expression and 18F-FDG up-
take was reported in differentiated thyroid
carcinomas (DTCs) (5). This finding was
supported by the studies demonstrating
that tumors without I3t uptake were posi-
tive at 18F-FDG-PET imaging (6, 7). The
regulation of glucose transporter 1 (GLUT1)
expression and glucose uptake in thyroid
cancer cell lines by PTEN has also been
suggested (8).

In our study, we aimed to investigate the
relationship between Ki67 proliferation
index, NIS, Galectin-3, PTEN expressions,
tumor histopathology, and 18FDG-PET CT
positivity in thyroid tumors.

Material and Methods

Patients
Fifteen patients without known thyroid dis-

ease showing the focal uptake in the thy-
roid gland during an 18F-FDG-PET scan and

total thyroidectomy because of malignant
(n=9) or indeterminate (n=6) cytological
results according to Bethesda classification
were included in this study. Screenings
were performed for the detection of pri-
mary sites in unknown primary tumors, dif-
ferential diagnosis of solitary lung nodules,
staging, and restaging of malignant
melanoma, breast and lung cancer. Undif-
ferentiated thyroid carcinomas were not in-
cluded.

Twenty-one nodules showing an 18F-FDG
uptake (13 papillary thyroid carcinoma and
8 benign nodules) and six PET-negative
nodules but found to be papillary thyroid
carcinoma in surgical specimens were in-
cluded. A focal uptake in thyroid lesion was
defined as an area with increased FDG up-
take in the PET/CT images. The demo-
graphical characteristics, 18F-FDG PET CT,
and histopathology reports were assessed,
retrospectively.

Malignant- PET positive (n=13), malignant-
PET negative (n=6) and benign-PET positive
nodules (n=8) were grouped as group A, B,
and C, respectively.

The study was approved by the Ethical Com-
mittee of Ankara University (March 2014,
05.214.14).

Fluorine-18 fluorodeoxyglucose
positron emission tomography/
computed tomography scan

18F-FDG PET/CT images were obtained
using a GE Discovery ST PET/CT scanner
(GE Medical Systems, Milwaukee, Wisconsin,
USA). The patients fasted for at least six
hours before the 18F-FDG injection and the
blood glucose level was checked to verify
normoglycemia. @ Whole-body 18F-FDG
PET/CT imaging was performed one hour
after an intravenous injection of 8-10 mCi
(296-370 MBq) 18F-FDG, while the patients
were in a supine position. The PET images
were obtained for 4 minutes in each bed po-
sition and were reconstructed with non-con-
trast CT images obtained from the patients
using a standardized protocol including 140
kV, 70 mA, a tube rotation time of 0.5 s/ro-
tation, a pitch of 6, and a section thickness
of 5 mm. Attenuation correction was per-
formed by fusion images in three planes and
reviewed by a Xeleris Workstation (GE Med-
ical Systems).
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Figure 1: (A) PTEN, (B) Galectin-3 and (C) NIS strong positivity in a malignant thyroid nodule. (D) PET-CT tran-
saxial fusion image of same patient shows focal 18F-FDG uptake in the right lobe of the thyroid gland (SUV-

max=9.9).

Immunohistochemistry

The immunohistochemical analysis for NIS,
PTEN, Ki67, and Galectin-3 was performed
in 27 nodules (Figure 1). Galectin-3 (QC4,
NeoMarkers, 1:40 dilution), NIS (Monoclonal
Antibody to SLC5A5, ACRIS, 1:600 dilution),
PTEN (PTEN/MMAC1 Ab-4, Thermo Scien-
tific, 1:40 dilution), and Ki-67 (SP6, Cell
Marque,1:200 dilution) antibodies were
used for immunohistochemistry.

The appropriate paraffin-embedded tissues
to determine the histological characteristics
of the tumor were chosen and sliced into 4-
pm sections by a microtome. These sections
were stained through the streptavidin-biotin-
peroxidase method with a Ventana auto-
mated immunostainer (BenchMark XT
Staining Module, Ventana Medical Systems).
Positive control tissues of the antibodies were
taken into account during all procedures. The
results of immunostaining were evaluated by
two independent pathologists. Cytoplasmic
staining was evaluated for Galectin-3 and
PTEN. Both cytoplasmic and basolateral
membrane staining were evaluated for NIS.
Immunostaining intensity was classified as -
0: no staining, 1: mild, 2: moderate and 3:
strong positivity for these antibodies. Im-
munostaining extensity was classified as - 0:
no, 1: <50% and 2:>50% staining. Nuclear
staining with Ki-67 was defined as positive
and percentage of staining was given.

Statistical Analysis

All statistical analyses were performed
using Statistical Package for the Social Sci-

ences (SPSS) software, version 20.0 (IBM
Corp, NY, and USA). The categorical vari-
ables were compared using the chi-square
and Fisher's exact test. The group variables
with a normal distribution were compared
using Student's t-test or analysis of vari-
ance, and the nonparametric variables
were compared using the Mann-Whitney U
test or Kruskal-Wallis test). A value of p <
0.05 was considered statistically signifi-
cant.

Results

Twenty-seven nodules of fifteen patients [11
females (73.3%) and 4 males (26.7%)]
were evaluated. The mean age of patients
was 59.2 £10.1 years. Six (40%) patients
were younger than 60 years. Focal uptake in
18FDG-PET CT was present in 21 (78%)
nodules. Among all nodules, 19 (70%) were
malignant according to immunohistochem-
istry.

The malignancy risk was not associated with
18F-FDG PET positivity in thyroid nodules
(p=0.136). SUVmax values were not statis-
tically different between malignant and be-
nign nodules with focal 18FDG uptake
(7.7£5.4 vs. 7.0£4.4, p=0.75). Thirteen
nodules (48%) were negative for Galectin-3
and the remaining fourteen (52%) had
staining extensity higher than 50%.
Galectin-3 staining extensity or intensity
was not associated with malignancy or 18F-
FDG uptake (Table 1). Galectin-3 staining in-
tensity was not different between Group A,
B and C nodules (Table 2).
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NIS staining extensity was negative in 10
(37%), <50% in 7 (26%) and >50% in 10
(37%) patients. Eleven out of 12 nodules in
patients older than 60 years showed positive
staining with NIS. NIS positive staining was
significantly more frequent in older patients
[11 (91.6%)] than the others [6 (40%)]
(p=0.019). Nine out of nineteen (47.4%)

with pathological 18F-FDG uptake had Ki-67
proliferation index higher than 3% (p=0.3).
Mean Ki67 proliferation index was not dif-
ferent between three groups (2.46+1.19,
2.0+£1.09 and 1.75%+1.16, in group A, B,
and C, respectively) (p=0.38) (Table 2).
There was no association between Ki-67
proliferation index and SUVmax values

malignant nodules had NIS staining with high (p=0.08).
extensity, whereas only one benign nodule
took intense staining. NIS staining intensity Discussion

was not different between Group A, B and C
nodules (Table 2). The nodule characteristics
according to the NIS staining extensity are
summarized in Table 1.

PTEN was negative in eight of 19 malignant
nodules (42.1%) whereas only one (12.5%)
benign nodule was negative (p=0.01). The
staining extensity was not different between
Group A, B and C nodules (Table 2). The as-
sociations between PTEN staining extensity
and nodule characteristics are summarized
in Table 1.

Ki-67 proliferation index was not associated
with age, gender, and malignancy. One out
of six nodules (16.7%) without 18F-FDG
uptake had Ki-67 proliferation index higher
than 3% and 8 out of 21 nodules (38.1%)

Thyroid lesions with focal 18F-FDG uptake
may be either benign or malignant tumors
(9, 10). Fine needle aspiration biopsy is rec-
ommended for the nodules equal to or
greater than 10 mm observed by PET-CT (9).
The factors that have an influence on FDG
uptake of thyroid nodules have not yet been
determined. In this study, we investigated
the relationship between 18F-FDG uptake
and molecular markers including Galectin-3,
PTEN, NIS, and Ki-67 proliferation index.

Galectin-3 is a B-galactoside-binding pro-
tein that plays critical roles in cell growth,
proliferation, cell to cell and matrix adhe-
sion, transformation, tumorigenesis, and
angiogenesis (11, 12). Galectin-3 expres-
sion was demonstrated in both benign and

Table 1. Association between Galectin-3, NIS, PTEN staining extensity and patient-nodule characteristics.

Galectin- 3
<%50 =9%50

Negative staining staining P

Negative staining

18F-FDG PET

Uptake - (n=6) 3 (50) 0 (0) 3 (50) NS 3 (50) 0 (0) 3 (50) NS 3 (50) 0 (0) 3(50) 0.058
Uptake + (n=21) 10 (47.6) 0 (0) 11(52.4) 7(33,3) 7(33,3) 7(33,3) 6(28,6) 9(42,8) 6 (28,6)
Pathology

Benign (n=8) 6 (75) 0 (0) 2 (25) NS 2(25) 5(62,5) 1(12,5) 0.01 1(12,5) 6 (75) 1(12,5) 0.012
Malignant(n=19) 7 (36.8) 0 (0) 12(63.2) 8(42,1) 2(10,5) 9 (47,4) 8(42,1) 3(158) 8(42,1)

NIS PTEN

<%50 2%50 <%50 2%50

staining P Negative staining staining P

Table 2. Galectin-3, NIS, PTEN immunostaining extensity and Ki-67 proliferation index, according to malignancy

and 18F-FDG uptake.

Group A (n:13) Group B (n:6) Group C (n:8) p
Galectin-3 negative (n:13) 4 (30.8%) 3 (50%) 6 (75%) 0,143
Galectin-3 positive (n:14) 9 (69.2%) 3 (50%) 2 (25%)
NIS negative (n:10) 5 (38.5%) 3 (50%) 2 (25%) 0,620
NIS positive (n:17) 8 (61.5%) 3 (50%) 6 (75%)
PTEN negative {n:9) 5 (38.5%) 3 (50%) 1 (12.5%) 0,259
PTEN positive (18) 8 (61.5%) 3 (50%) 7 (87.5%)
Ki-67 proliferation index (mean+SD) 2.46+1.19 2.0+1.09 1.75+1.16 0,38
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malignant thyroid nodules but not in the
normal thyroid gland (13). Inohara et al.
showed an intense and strong Galectin-3
expression in malignant thyroid tumors
(14). The determination of Galectin-3 and
HBME-1 panel in needle biopsy has been
suggested as a second-line diagnostic
method for nodules with indeterminate cy-
tology (15, 16). FDG-PET/CT has also been
suggested as a cost-effective method for
differential diagnosis of indeterminate nod-
ules (4). We investigated any possible as-
sociation between these two diagnostic
methods. Galectin-3 staining intensity or
extensity was not different between the
three nodule groups.

Well-differentiated thyroid tumors with I3t
uptake are usually negative for 18F-FDG
uptake (6, 7). An inverse relationship be-
tween 18F-FDG uptake and NIS expression
in tumor tissue and metastatic lymph nodes
was reported previously (5). In a subse-
quent study, Lee et al. evaluated 46 DTCs
and reported that there was no association
between NIS expression in tumor tissue
and 18F-FDG positivity (17). The decreased
expression of the NIS gene was observed
to be frequent in DTCs (18, 19). In our
study, a highly intense NIS staining was
frequent in malignant nodules compared to
the benign ones but 18F-FDG uptake was
not associated with NIS expression. The
NIS expression intensity or extensity was
not different between the three nodule
groups.

Glucose transporter 1 (GLUT1) is the most
important glucose transporter in differenti-
ated thyroid cancers (20). The expression
of GLUT proteins was shown to be con-
trolled by PI3k/AKT pathway (21). A ge-
netic manipulation of PTEN expression was
suggested to be related to the increased
GLUT1 expression, leading to 18F-FDG
uptake in PTEN negative tumors (8). It
was concluded that malignant thyroid
tumors with loss of PTEN expression
may be diagnosed with PET-CT. However,
in our study PTEN expression was not sta-
tistically different between the three nod-
ule groups.

High Ki67 proliferation index was found to
predict the recurrence of DTC and shortened

disease-free survival in certain studies (22).
Previous studies revealed a positive correla-
tion between Ki-67 proliferation index, focal
18F-FDG uptake, and SUVmax values in cer-
tain types of cancer, and the proliferative ac-
tivity was linked to the metabolic activity of
tumor (23-25). To the best of our knowl-
edge, the relationship between Ki67 label-
ing index and 18F-FDG uptake in thyroid
nodules has not been studied yet. We ob-
served that one out of the six nodules
(16.7%) without 18F-FDG uptake had Ki-67
proliferation index higher than 3% and eight
out of nineteen nodules (38.1%) with patho-
logical 18F-FDG uptake had Ki-67 prolifera-
tion index higher than 3%. This finding was
not statistically significant. However, the
possible association may be masked be-
cause of relatively low Ki-67 levels and a
limited number of nodules included in the
study.

The important limitation of this study was
relatively small sample size.

Conclusions

18F-FDG uptake is not associated with Ki67,
Galectin-3, PTEN or NIS expression in tumor
tissues. The importance of PET positivity in
thyroid nodules may be explained by the
identification of molecular markers related
to FDG uptake.
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