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Alterations of NIS expression in functioning thyroid nodules

Fonksiyone tiroid nodiillerinde NIS ekspresyonundaki degisiklikler
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Objectives: This study aimed to analyze both the level
and the cell site of the sodium-iodide symporter (NIS)
protein expression in autonomously functioning thyroid
nodules (AFTNs) and extranodular thyroid tissues. In
addition, this study sought to compare the clinical results
of patients with the levels of human NIS (hNIS) protein
expression.

Patients and Methods: The histological slides consisted
of 36 AFTNs and 31 extranodular thyroid tissues from
28 patients (5 males, 23 females; mean age 54.5+11.0
years; range 37 to 72 years) who underwent surgery for
toxic multinodular goitre. The expression of NIS protein
was investigated by immunohistochemistry in paraffin-
embedded tissue sections using anti-hNIS monoclonal
antibody by the labeled streptavidin-biotin method.

Results: The percentage of hNIS positive follicular cells
was significantly higher in the AFTNs (13.33£12.09) than
in the extranodular thyroid tissues (1.35+3.03). Staining
for hNIS was mostly confined to the cell membrane in the
AFTNs (88.9%) and in the extranodular thyroid tissues
(54.5%). The clinical parameters and nodule volume did
not establish any correlation with hNIS immunoreactivity.

Conclusion: Our data indicate that functioning nodules
express higher amounts of NIS protein than the extrano-
dular thyroid tissue, but the level of hNIS immunoreactiv-
ity was lower than had been reported in the previous
literature. This result may be due to interindividual vari-
ability between different populations, and iodine status.
Furthermore, the localization of the NIS protein might not
give an indication of its functional status.

Key Words: Genetic transcription; sodium-iodide symporter;
thyroid gland/surgery; thyroid neoplasms.

Amagc: Bu calismada, otonom olarak fonksiyone tiroid
nodillerinde (FTN) ve ekstranoduler tiroid dokusunda
sodyum-iyot simporter (NIS) protein ekspresyonunun
seviyesi ve hiicredeki yerlesim yeri arastirildi. Bunun
yani sira bu calismada hastalarin Klinik bulgulariyla
human NIS (hNIS) protein ekspresyonu seviyeleri karsi-
lastiriid.

Hastalar ve Yontemler: Histolojik kesitler, toksik mul-
tinodller guatr nedeniyle ameliyat olmus 28 hastaya (5
erkek, 23 kadin; ort. yas 54.5+11.0 yil; dagilim 37-72 yil)
ait 36 otonom FTN ve 31 ekstranoduler tiroid dokusun-
dan olusmaktaydi. Parafine gémuimuis bu doku kesitle-
rinde, NIS protein ekspresyonu, labeled streptavidin-bio-
tin yontemi ile anti-hNIS monoklonal antikoru kullanilarak
immunohistokimyasal olarak aragtirildi.

Bulgular: Otonom fonksiyone tiroid nodillerindeki hNIS
pozitif hicrelerin orani (13.33+12.09) ekstranoduler tiroid
dokusuna (1.35+£3.03) gére anlamli olarak daha yiksekti.
hNIS boyanmasi genellikle otonom FTN’lerde (%88.9)
ve ekstranodiler tiroid dokusunda (%54.5) hucre zari ile
sinirl idi. Klinik parametreler ve nodil volimi ile hNIS
imminoreaktivitesi iligkili bulunmadi.

Sonugc: Bizim verilerimiz, fonksiyone noddllerde eks-
tranoddler tiroid dokusuna gére daha fazla miktarda
NIS protein ekspresyonu oldugunu gdsterdi, fakat, hNIS
immuinoreaktivitesi literatirde daha &énce bildirilenlere
g6re daha dusik seviyelerde bulundu. Bu durum degisik
toplumlardaki kisisel farkhliklara ve mevcut iyodin duru-
muna bagl olabilir. Ayrica NIS proteininin hlicredeki yer-
lesim yeri NIS’nin fonksiyonunun gdstergesi olmayabilir.

Anahtar Sézcikler: Genetik transkripsiyon; sodyum-iyot sim-
porter; tiroid bezi/cerrahi; tiroid tlimorleri.
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Iodide uptake is the first step in thyroid hormone
production by thyrocytes.'” The thyroid gland
is capable of concentrating iodide by a factor of
20-40 with respect to concentration of the anion
in the plasma under physiological conditions.!?
The active transport of iodide into the thyroid is
mediated by the sodium-iodide symporter (NIS)
which is an intrinsic membrane glycoprotein and
is localized on the basolateral membrane of the
thyroid follicular cells.*®! Sodium-iodide symport-
er-mediated transport of iodide is driven by the
electrochemical sodium gradient generated by the
Na*/K*-ATPase.l'¥ Thyrotropin (TSH) and iodide
regulate iodide accumulation in thyroid gland by
modulating NIS activity via transcriptional and
posttranscriptional mechanisms. Since the isola-
tion of a cDNA (Complementary deoxyribonucleic
acid) encoding rat NIS in 1996, a number of studies
for investigation of the putative role of this protein
in different types of thyroid pathologies have been
accumulated.’>!

Autonomously functioning thyroid nodules
(AFTNSs) are characterized by high levels of iodide
trapping that correspond to high levels of NIS gene
expression. Their increased iodide transport is the
main cause of the hot character of these nodules.”

The technique of thyroid scintigraphy using
iodine radioisotopes depends on the ability of nor-
mally functioning thyroid follicular cells to concen-
trate iodide.”? Cold thyroid nodules, most thyroid
cancers and some forms of thyroiditis are charac-
terised by low or absent radioiodine uptake. On the
other hand several forms of hyperthyroidism, such
as Graves’ disease and AFTNs revealed increased
levels of radioiodine uptake.’° Alterations of NIS
expression or function in different thyroid patholo-
gies might be responsible for these differencies in
radioiodine uptake.” The iodide concentrating abil-
ity of thyroid follicular cells has allowed the use of
radioiodine for diagnosis and therapeutic manage-
ment of benign thyroid diseases and thyroid can-
cer.? Consequently NIS should be important in
the characterization and the treatment of autono-
mously functioning thyroid nodules.

In the literature, high levels of hNIS protein
expression have been detected in functioning thy-
roid nodules with respect to normal thyroid tis-
sues. The cell site of expression was most often
confined to the cell membrane!™'” The aim of
this study was to examine both the level and the
cell site of hNIS protein expression in AFTNs and
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extranodular thyroid tissues, and to compare the
clinical characteristics of the patients (sex, age,
TSH, FT3, FT4 level, and nodule volume) with the
levels of hNIS protein expression.

PATIENTS AND METHODS

Patients and nodules

A total of 28 patients (5 males, 23 females; mean age
54.5+11.0 years; range 37 to 72 years) who underwent
near-total thyroidectomy for toxic multinodular
goiter (TMNG) were included in this study. Twenty
patients had only one hyperfunctioning thyroid
nodule, while eight patients had two hyperfunction-
ing thyroid nodules.

The diagnosis of TMNG was based on the
findings of thyroid function tests (high free T4
and/or free T3 and supressed thyroid stimulating
hormone; TSH), thyroid ultrasonography, thyroid
scintigraphy and histopathological examination.
One patient had subclinical hyperthyroidism, two
patients were euthyroid, 20 patients were clini-
cally thyrotoxic and five patients had already been
treated with proplythiouracil or methimazole at
the time of diagnosis. Near-total thyroidectomy
was performed and histopathology showed nodu-
lar hyperplasia in all of the patients.

The nodules which matched with the hyper-
functioning thyroid nodules were identified by
scintigraphy, and their surrounding (extranodular)
thyroid tissues were dissected and these histologi-
cal slides were used for determination of NIS pro-
tein expression by immunohistochemistry.

Laboratory methods

Free T3 (FT3), free T4 (FT4) and TSH were measured
by competitive analog immunoassay and immu-
nometric assay (DPC, USA), respectively (Normal
values; TSH: 0.27-4.20 pIU/ml, FT3: 2.8-7.1 pmol/L
and FT4: 12-22 pmol/L).

The thyroids were examined by using a real
time B mode, high resolution, General Electric
Ultrasound (US), with a 7.5 MHz probe (Logiq 9).
Thyroid and nodule volumes were calculated using
the formula (height x length x thickness x 11/6).0#!

Immunohistochemistry

Immunohistochemistry was performed on 10%
formalin-fixed, paraffin-embedded tissue sections
from 36 AFTNs and 31 extranodular thyroid tis-
sues. One group of sections was stained with hema-
toxylin-eosin for histological evaluation. Additional
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3 um. sections were used forimmunohistochemistry.
First, adhesive-coated slides were deparaffinized
(incubation at 37 °C overnight and then xylene
for 2x20 min.) and rehydrated in alcohol. Tissue
sections were subjected to antigen retrieval in 10
mM citrate buffer (pH 6.0) in a microwave oven for
20 min. The endogenous peroxidase activity was
blocked by incubating the slides in 3% hydrogen
peroxidase solution for 10 min. After that, slides
were treated with solution of the anti- hNIS anti-
body (1:50 dilution) at room temperature for 45 min.
Subsequently sections were incubated with a biotin-
labelled secondary antibody and avitin-biotin-com-
plex for 20 min, respectively. 3,3-Diaminobenzidine
tetrahydrochloride was used as chromogen. Finally,
the sections were counterstained with Mayer’s
hematoxylin, dehydrated and mounted.

The evaluation was done as follows:'*'"! (i) the
level of hNIS expression was assessed. If the per-
centage of follicular cells showing a positive stain-
ing for hNIS was 1-10%, it was graded as (+); 11-29%,
(++); and more than 30%, (+++); (ii) the cell site of
hNIS expression (cell membrane or cytoplasm) was

established.
Statistical analysis

Computer-assisted data analysis was performed
using SPSS (SPSS Inc.,, Chicago, Illinois, USA) for
Windows 10.0 program. In addition to descriptive
statistical methods (mean and standard deviation),
the Kruskal-Wallis test was used to compare more
than two groups and the Mann-Whitney U-test
was used to compare two groups. The relation-
ships between the parameters were evaluated by
Spearman’s correlation analysis. The results were
evaluated at 95% confidence interval and p<0.05
was considered as significant.

RESULTS

Demographic characteristics of the patients (and
nodules)

The characteristics of the patients and their
nodules were described in table 1. Mean serum
levels of TSH, FT4 and FT3 were measured as
0.14+0.46 uIU/ml (0.005-1.84), 45.65+30.20 pmol/l
(4.92-100) and 30.20 pmol/1 (5.13-47.61), respectively.
The mean volume of thyroid nodules was 15.39 ml
(0.20-100).

Immunohistochemistry

The level of hNIS positivity was mild (+) in 15
(41.7%), moderate (++) in 12 (33.3%) and high (+++)
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in five nodules (13.9%) (Figure 1). Human NIS
immunostaining was negative in four out of 36
nodules (11.1%). On the other hand, hNIS immu-
nostaining was shown in only 11 (35.5%) extranod-
ular thyroid tissues. Twenty (64.5%) extranodular
thyroid tissues did not show any immunostaining
for hNIS. The mean percentage of NIS immunos-
taining was found significantly higher in AFTNs
[13.33£12.09%; (0-40%)] than in extranodular thy-
roid tissues [1.3543.03%; (0-15%)], (z=—4.3, p=0.0001).

Staining for hNIS was confined to the cell mem-
brane in 28 out of 32 nodules (88.9%; Figure 2). It
was confined to the cell membrane in six (54.5%)
specimens of extranodular thyroid tissues. In the
rest of the cases the staining was detected in the
cytoplasm (Figure 3). Distribution of the level
and localization of immunostaining for hNIS in
AFTNs and extranodular thyroid tissues is shown
in table 2.

Comparison of the clinical parameters at different
levels of hNIS immunostaining

No significant correlation was found between age
and the level of hNIS immunostaining in AFTNs
(r=—0.186, p=0.278). The mean percentage of hNIS
immonostaining in AFTNs was higher in the
female group (14.4£12.8%) than in the male group
(9.548.5%) but it was not statistically significant
(z=—0.592, p=0.554).

Serum levels of TSH, FT4, and FT3 and nodule
volumes were not significantly different between
nodules with different levels of hNIS immunostain-
ing. Similarly no significant difference was docu-
mented in the serum levels of TSH, TF4 and TF3 in
patients with different levels of hNIS immunostain-
ing in extranodular thyroid tissues (Table 3).

DISCUSSION

Various thyroid pathologies are characterized by
an altered hNIS protein expression.%#171924 In
differentiated thyroid carcinomas, some investiga-
tors found 61.8% and 77.5% of NIS positivity rate
using immunohistochemistry. They also found
less NIS immunopositivity rate in poorly dif-
ferantiated thyroid carcinomas (33.3% and 25%;
respectively).?>? But, in other studies, the authors
detected either a small amount or absence of hNIS
immonostaining in thyroid carcinomas.'**2" The
same authors found that hNIS protein expression
in normal thyroid tissue was heterogeneous and
limited to a minority of follicular cells. In contrast,
in Graves’ disease the majority of follicular cells
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Table 1. Clinical characteristics of the patients (nodules) and hNIS immunostaining in the AFTNs and their surrounding

(extranodular) thyroid tissues

hNIS nodule hNIS extranodular tissue

No  Age/gender TSH FT4 FT3 Nodule Level Positive Cell Level  DPositive  Cell

volume cells (%) site cells (%) site

(ml)

1 65/F 0.005 28.56 11.62 10.90 + 2 M 0 0 -
2 72/F 0.013 54.20 20.66 16.26 ++ 15 M ++ 15 M
3 62/M 0.005 38.75 14.01 20.70 + 3 M 0 0 -
3 - - - - 0.20 + 2 C 0 0 -
4 43/F 0.005 29.50 10.00 4.40 + 7 M + 2 M
5 54/F 1.840 17.64 5.13 0.20 ++ 25 C - - -
5 - - - - 2.10 4+ 30 C + 1 C
6 58/M - - - 0.90 ++ 20 M 0 0 -
6 - - - - 9.20 ++ 25 M 0 0 -
7 54/F 0.005 38.71 9.88 20.21 0 0 - + 2 C
8 71/F 0.005 35.26 10.08 23.20 0 0 - + 2 C
9 45/F 0.005 52.25 19.52 19.70 +++ 40 M + 7 M
10 52/M 0.005 100.00 28.00 34.00 + 10 M 0 0 -
10 - - - - 25.53 + 5 M 0 0 -
11 41/F 0.208 492 5.30 5.60 ++ 25 M + 5 C
13 45/F 0.005 86.23 29.07 39.00 4+ 30 M - - -
13 - - - - 6.00 + 2 M 0 0 -
14 50/F 0.005 45.76 47.61 109.00 + 2 M 0 0 -
15 54/F - - - 11.10 ++ 20 M 0 0 -
16 48/F 0.012 38.30 14.40 - ++ 12 M 0 0 -
17 38/F - - - 8.80 + 5 M 0 0 -
18 66/M 0.005 24.03 10.31 12.00 + 8 M - - -
18 - - - - 0.70 + 3 M - - -
19 72/F 0.015 100.00 41.80 9.50 ++ 20 M 0 0 -
19 - - - - 1.80 + 4 C 0 0 -
20 43/F - - - 17.00 ++ 25 M + 1 M
21 37/F 0.005 18.00 6.15 11.30 +++ 30 M - - -
22 54/F 0.021 27.80 8.71 4.20 + 3 M 0 0 -
23 62/F 0.009 23.09 14.90 9.20 +++ 40 M 0 0 —
23 - - - - 0.70 + 3 M 0 0 -
24 53/F 0.008 26.70 6.72 13.40 ++ 12 M 0 0 -
25 43/F - - - 13.32 0 0 - 0 0 -
26 60/F 0.035 27.80 9.27 2.30 ++ 25 M 0 0 -
27 47/F 0.046 25.67 11.59 0.50 0 0 - + 4 M
28 72/F 0.081 36.70 11.00 4.10 + 7 M + 1 M

Normal values; TSH: 0.27-4.20 yIU/ml, FT3: 2.8-7.1 pmol/L and FT4: 12-22 pmol/L. M: Males; F: Females; Thyroid function tests were not considered in the
patients who had already been treated by antithyroid drugs at the time of diagnosis. The localization of staining was abbreviated as M for membranous
and C for cytoplasmic staining; NIS: Sodium-iodide symporter; AFTNs: Autonomously functioning thyroid nodules.

expressed the hNIS protein."®? In some studies,
a high level of hNIS expression in functioning
(hot) thyroid nodules of toxic multinodular goi-
ter (TMNG), with respect to the nonfunctioning
(cold) nodules and normal surrounding thyroid

tissues was demonstrated.'>'71” Tonacchera et al.l!
detected a high level of hNIS protein expression
in six out of eight functioning thyroid nodules
(between 40%-80% of follicular cells). The normal
extranodular parenchyma showed 1-10% of hNIS
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positive cells. The same investigators, in a different
study found that 16 AFTNs and 12 toxic adenomas
showed a high level of hNIS protein expression (20-
80%, 30-90%; respectively) in comparison to normal
tissue (1-10%). The mean percentage of hNIS protein
expression was measured as 54.8% in hyperplastic
nodules, but as 2.3% in extranodular tissue.'” In
cold nodules, hNIS expression was found to be low
or similar to normal thyroid tissue.">”*! Moreover
nodules from iodine-sufficent area exhibited weak
or absent hNIS immunostaining whereas almost
all nodules from the iodine-deficient area were
hNIS positive.*!

In the present study, contrary to the literature,
the level of hNIS immunostaining was most com-
monly found to be mild (+) in 41.7% of AFTNs
or moderate (++) in 33.3% of AFTNs, while high
level immunostaining (+++) was observed in only
13.9% of the AFTNs. Besides, when we evaluated
the mean level of hNIS expression, it was found
as 13.33+12.09% which is also lower than the
literature.

When we think over the discrepancy between
our results and the previously published data,
we speculate that the interindividual variability
between different populations and the iodine sup-
ply might be the reason of these results.

One of the main factors regulating the accumu-
lation of iodide in the thyroid and, thus NIS activ-
ity, has been considered to be iodide itself. Iodine
supply influences the expression and localization
of hNIS. Exposure of thyroid cells to high concen-
trations of iodine in vivo and in vitro results in the
reduction of iodide transport and its organification
into proteins, the so called acute Wolff-Chaikoff
effect. The acute Wolff-Chaikoff effect is transient
and, after some days of exposure, an escape or
adaptation from effects of iodine occur, through
the so called “escape phenomenon”, the organifi-
cation of iodide is restored and normal hormone
synthesis resumes. In consistent with this, some
in vivo studies suggested that the escape from the
acute Wolff-Chaikoff effect was associated with a
decrease in NIS expression.!'>13

Iodine deficiency was an important public
health problem in Turkey. Goiter prevalence was
reported as high as 30.5% in 1988 and as 31.8%
in 2002. Legislation for the mandatory iodization
of household salt was passed in 1999 and strictly
enforced in 2000.%!
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Figure 3. Cytoplusmzc staining of hNIS (Immunohzstoche-
mitry x 400).

In this study the level of hNIS immunoreac-
tivity was lower than had been reported in the
previous literature. We speculate that the thyroid
tissues tried to regulate continuous excessive
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Table 2. The level and localization of hNIS protein immunostaining in

AFTNs and the extranodular tissues

hNIS immunostaining
in the nodules

hNIS immunostaining
in extranodular tissues

n (%) n (%)
No staining 4 11.1 20 64.5
+) 15 41.7 10 32.3
(++) 12 33.3 1 3.2
(+++) 5 13.9 - -
Total 36 100 31 100

The site of The site of

hNIS immunostaining
in the nodules

hNIS immunostaining
in extranodular tissues

n (%) n (%)
No staining 4 111 20 55.6
Membrane 28 77.8 6 16.7
Cytoplasmic 4 111 5 13.9
Total 36 100 31 100

hNIS: Human sodium-iodide symporter; AFTNs: Autonomously functioning thyroid nodules.

exposure to iodide by decreasing NIS expression
in follicular cells due to a high iodide intake of
the population, at the time of our patient recruit-
ment. This is in consistent with the findings
of the study reported by Scipioni et al.*® They

found that nodules from the iodine-sufficient
region exhibited weak or absent hNIS immu-
nostaining whereas almost all nodules from the
iodine-deficient region were hNIS positive. This
finding suggests that iodine supply may exert

Table 3. Comparison of clinical parameters at different levels of hNIS immunostaining in AFTNs and surrounding (extra-

nodular) thyroid tissues

AFTNs TSH FT4 FT3 Nodule volume
(0.27-4.20 uIU/m1l) (12-22 pmol/L) (2.8-7.1 pmol/L) (ml)
Mean+SD Median Mean+SD  Median Mean+SD  Median MeantSD  Median
No staining 0.01+0.02 0.005 33.21+6.7 35.26 10.51+ 0.93 10.08 14.30+10.09 16.76
(G 0.01+0.02 0.005 50.22+31.26 3772 19.95+12.74 14.01 16.24+27.51 6.70
(++) 0.26+0.63 0.01 46.19+36.16 33.05 17.03+13.80 11.83 14.22419.70 9.50
(+++) 0.3+0.82 0.005 39.44429.81 23.09 14.95+9.92 14.90 16.26+14.17 11.30
Total 0.14+0.46 0.005 45.66+30.26 35.98 17.39+£11.90 11.90 15.39+21.43 9.50

Test values

Extranodular
tissue

KW: 6.1, p=0.105

TSH
(0.27-4.20 pIU/ml)

KW: 1.690 p=0.639

FT4
(12-22 pmol/L)

KW: 2.206 p=0.531

FT3
(2.8-7.1 pmol/L)

KW: 1.144 p=0.766

Nodule volume
(ml)

Mean+SD Median

Mean+SD  Median

MeantSD  Median

Mean+SD  Median

No staining
)

(+4)

(+++)

Total

Test values

0.0106+0.008  0.008

0.030+0.032  0.030
0.412+0.802  0.005
0.094+0.366  0.008

KW: 0.718; p=0.698

53.65+32.68  38.7
39.66+13.01 36.7
39.30+£36.57  35.3
47.98+30.40 38.3
KW: 1.103; p=0.603

21.65+13.43 14.9
14.55+5.10 11.6
12.67+11.6 9.88
18.43+£12.2 14.01
KW: 3.668; p=0.160

15.33+24.32 9.20
10.324+8.22 10.3

24.42+27.57 20.2

15.85+22.42 9.35
KW: 1.079; p=0.583

NIS: Sodium-iodide symporter; AFTNs: Autonomously functioning thyroid nodule; SD: Standart deviation; KW: Kruskal-Wallis test.
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a modulating effect on the regulation of hNIS
expression.?’!

In the normal thyroid tissues, hNIS localization
was observed in the cell membrane.'®” In hyper-
functioning thyroid nodules, the localization of
hNIS expression was reported to be confined gen-
erally to the cell membrane.">”! However, Dohan
et al? showed that 70% of differentiated thyroid
carcinomas (DTC) exhibited increased hNIS pro-
tein expression with respect to the normal sur-
rounding thyroid tissue and significantly, NIS
was localized mainly intracellularly in most of the
cases. In addition, Tonacchera et al." reported that
54% of benign nonfunctional thyroid nodules over-
expressed hNIS protein, as compared to normal
surrounding tissue, and NIS was located mainly
at the cytoplasmic site in these nodules as well.
The authors concluded that these findings strongly
suggested that the defective iodide trapping of the
most thyroid carcinomas and hypofunctioning
nodules is not only due to low NIS expression but
also defective targetting of hNIS to the cell mem-
brane.>1¢!

On the other hand, a low level of NIS expression
was observed in cold nodules and the localization
of NIS protein was in the cell cytoplasm in 40.7% of
them. However, in the same study, 30% of the hot
nodules showed intracellular localization of NIS.!
The authors suggested that the decreased iodine
trapping, characteristic for cold nodules, might be
partly explained by the low level of NIS expres-
sion and its cytoplasmic localization. Furthermore,
cytoplasmic NIS occurrence in hot nodules are
characterized by excessive iodide trapping, indicat-
ing that the intracellular localization of NIS does
not determine loss of its activity."

Our findings are concordant with the literature
as we observed membranous localization in the
majority of the nodules (22 out of the 28 function-
ing nodules; 88.8%). The cytoplasmic localization
in 12.2% of the functioning nodules supports the
literature suggesting that cytoplasmic localization
should not be regarded as a predictor of a loss
in NIS activity. In our study, membranous and
cytoplasmic localization was almost equal in the
extranodular thyroid tissue. We speculate that NIS
localization is not a factor to be evaluated to decide
on the functional status of the thyroid tissue.

There is limited data on the relation between
NIS expression and the clinical parameters in the
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literature. In one of those studies, Goto et al.?”!
detected significant correlations between the NIS
messenger ribonucleic acid (RNA) level and the
levels of FT3 and FT4, and between the thyroglobu-
lin (Tg) messenger RNA level and goiter weight in
a study with Graves’ disease patients. However,
the authors couldn't find a significant correlation
between TSH level and NIS expression. In another
study performed on patients with nodular goiter, a
significant inverse correlation between the level of
NIS expression and the level of FT3 was reported
in serum samples. In the same study, the authors
examined the patients with hot nodules and also
revealed a significant inverse relationship between
the level of NIS expression and serum concentra-
tion of TSH-R antibodies. Besides, in a group of
patients with nontoxic nodular goiter, they found a
significant inverse correlation between the level of
NIS expression and thyroid volume.®!

In our study we couldn’t find any correlation
between the level of hNIS expression and the
serum levels of TSH, FT4, and FT3. Similarly, no
significant correlation was found between the level
of hNIS expression and the nodule volumes.

In conclusion, our study demonstrates that
hNIS expression is significantly higher in AFTNs
than the surrounding extranodular thyroid tissues.
However, the percentage of positive cells were
found to be lower in this study compared to some
others in the literature. This might be due to inter-
individual variability between different popula-
tions, iodine supply or other undetermined factors.
The result of this study suggest that the localiza-
tion of the NIS protein does not give an indication
on its functional status. Absence of a correlation
between clinical parameters and hNIS expression
warrants further evaluation.
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