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ABSTRACT

The thyroid gland has the ability to uptake and concentrate iodide, which is a fun-
damental step in thyroid hormone biosynthesis. Radioiodine has been used as a
diagnostic and therapeutic tool for several years. However, the studies related to
the mechanisms of iodide transport were only possible after the cloning of the
gene that encodes the sodium/iodide symporter (NIS). The studies about the reg-
ulation of NIS expression and the possibility of gene therapy with the aim of trans-
ferring NIS gene to cells that normally do not express the symporter have also
become possible. In the majority of hypofunctioning thyroid nodules, both benign
and malignant, NIS gene expression is maintained, but NIS protein is retained in
the intracellular compartment. The expression of NIS in non-thyroid tumoral cells
in vivo has been possible through the transfer of NIS gene under the control of tis-
sue-specific promoters. Apart from its therapeutic use, NIS has also been used for
the localization of metastases by scintigraphy or PET-scan with 124l. In conclusion,
NIS gene cloning led to an important development in the field of thyroid patho-
physiology, and has also been fundamental to extend the use of radioiodine for the
management of non-thyroid tumors. (Arq Bras Endocrinol Metab
2007;51/5:672-682)

Keywords: Thyroid; NIS; Cancer; Radioiodine; lodide uptake; Gene transfer
RESUMO

A Importancia do Co-Transportador de Sédio/lodeto (NIS) no
Manuseio do Cancer de Tiredide.

A glandula tiredide tem capacidade de captar e concentrar iodeto, etapa
fundamental na biossintese dos hormoénios tiredideos. O uso de iodo radioativo
para fins de diagndstico e terapia das doencas da tiredide vem sendo feito ha
muitos anos. Entretanto, somente apds a clonagem do gene que codifica o co-
transportador de sodio/iodeto (NIS) houve aumento significativo dos estudos
relacionados ao mecanismo de transporte de iodeto. Os estudos sobre a regulagao
da expressao do NIS e a possibilidade de terapia génica visando a transferéncia do
gene NIS para células que normalmente nao expressam esse transportador, foram
também viabilizados. Na maior parte dos nddulos tiredideos hipofuncionantes,
tanto benignos quanto malignos, a expressao do gene do NIS esta presente, mas
a proteina NIS fica retida no compartimento intracelular. A transferéncia do gene
usando-se promotores tecido-especificos possibilitou a expressdo do NIS em
células tumorais nao-tiredideas in vivo. Além do seu uso terapéutico, o NIS
também vem sendo usado para a localizacao de metastases tumorais através da
cintilografia ou do PET-scan usando-se 124l. Em concluséo, a clonagem do NIS
possibilitou enorme avango na area de fisiopatologia tiredidea e foi também
fundamental para estender o uso do radioiodo para tumores nao tiredideos. (Arq
Bras Endocrinol Metab 2007;51/5:672-682)

Descritores: Tiredide; NIS; Cancer; Radioiodo; Captacdo de iodo;
Transferéncia de gene
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THE ABILITY OF THE THYROID gland to concentrate
iodide by a factor of 20 to 40 in respect to the plas-
ma compartment has first been recognized at the end of
the 19t century by Baumann (1). Only about 50 years
later (1942), the use of radioiodine with diagnostic and
therapeutic purposes has started, taking advantage of
this characteristic of the thyroid gland. Another great
advance in the field corresponds to the subsequent find-
ing that iodine in excess blocks thyroid hormone
biosynthesis and secretion (2). Based on these previous
reports, radioiodine and saturated iodine solutions have
long been used for the diagnosis and treatment of
benign and malignant thyroid diseases, as well as the
control of thyrotoxicosis (3,4). However, the molecular
nature and characteristics of the iodide transporter was
poorly defined until 1996, when a breakthrough on the
knowledge of thyroid pathophysiology occurred after
the cloning of the gene that encodes the protein respon-
sible for the transport of iodide into cells (5,6).

The transport of iodide is a fundamental step in
thyroid hormone biosynthesis and occurs through the
Na+/I" symporter (NIS), an integral plasma membrane
glycoprotein localized in the basolateral membrane of
thyrocytes. NIS couples the inward transport of two Na+
ions, which occurs in favor of its electrochemical gradient,
to the simultaneous inward translocation of one I” ion
against its electrochemical gradient (7). After influx into
thyrocytes, iodide is then translocated from the cytoplasm
across the apical plasma membrane towards the follicular
lumen, in a process called 1" efflux that is mediated by a
protein called pendrin (a CI” /1" transporter) (8), which is
the product of the gene mutated in patients with Pen-
dred’s syndrome. More recently, another ion channel
present in the apical membrane has been reported to be
involved in the efflux of iodide from the follicular cell, the
CIC5 chloride channel (9).

Difterently from other tissues that are able to
take up iodide from the circulation, the thyroid gland
accumulates iodine for a prolonged period of time.
This is the result of thyroid microscopic features and
the prompt oxidation and organification of iodine into
selected tyrosyl residues of thyroglobulin (Tg), a reac-
tion catalyzed by thyroperoxidase (TPO) in the pres-
ence of hydrogen peroxide generated by thyroid dual
oxidase (DuOx) (10).

The role of NIS protein in thyroid hormone
biosynthesis has been unequivocally confirmed after the
cloning of NIS gene and the description of mutations in
patients with dyshormonogenetic goiters, together with
the functional studies of the mutated proteins (11). The
significance of NIS expression in the thyroid becomes
even more apparent when one considers that iodine is
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scarce in the environment. Endemic goiter and cretinism
are caused primarily by insufficient dietary supply of
iodine and remain a major health problem in many parts
of the world, affecting millions of people (10,11).

The importance of NIS expression for the diag-
nosis and treatment of diseases has raised a series of
questions regarding the mechanisms underlying not
only the control of NIS expression, but also the regula-
tion of its activity in the plasma membrane. In thyroid
cells, iodide transport through NIS is stimulated by thy-
rotropin (TSH) and inhibited by the well-known classic
competitive inhibitors thiocyanate (SCN™) and perchlo-
rate (ClOy") (5-7,11-13). TSH stimulates thyroid func-
tion via the activation of adenylate cyclase, including
NIS transcription and de novo synthesis, but it also plays
a possible role in the post-transcriptional regulation of
NIS. TSH action allows the proper targeting of NIS to
the plasma membrane, since NIS is redistributed from
the basolateral membrane to intracellular compartments
in the absence of TSH, and thereby the ability of thyro-
cytes to transport iodide is decreased (11,14). Besides
TSH other factors can influence NIS expression, such as
thyroid iodine content, insulin, insulin-like growth fac-
tor, transforming growth factor (TGF) Bl, tumor
necrosis factor (TNF) a, interferon vy, interleukin (IL)-
lo, IL-1f, IL-6 (11,13,15).

NIS is not a thyroid-specific protein since its
expression has been detected in extrathyroidal tissues,
such as lactating mammary gland, gastric mucosa, sali-
vary and lacrimal glands, choroid plexus, skin, placen-
ta, and thymus, among other tissues. In these non-thy-
roidal tissues NIS gene expression is under the control
of different mechanisms, the majority of which have
not been identified yet.

In addition to its key role in thyroid pathophysi-
ology, NIS-mediated iodide accumulation within other
cell types could be used for diagnostic procedures and
treatment of malignant diseases in other tissues. As a
result, NIS gene transfer is being used to express func-
tionally active NIS in other cell types, a strategy that
could extend the application of radioiodine to non-thy-
roidal cancers (16). The main goal of this article is to
review NIS molecular characteristics, the regulation of
its expression and functionality at the plasma mem-
brane, and finally to give insights into the new perspec-
tives for its use as a diagnostic and therapeutic tool.

MOLECULAR CHARACTERIZATION OF NIS

NIS belongs to the sodium/solute symporter family
(SSF, according to the transporter classification sys-
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tem) (17) or solute carrier family 5 (SLC5A, accord-
ing to the Online Mendelian Inheritance in Man clas-
sification, OMIM). These transporters have the com-
mon feature of depending on the gradient of sodium
as the driving force for ion transport across mem-
branes. The rat and human (h) NIS ¢cDNAs encode
proteins composed of 618- and a 643-amino acid,
respectively (5,6,18). hNIS exhibits an 84% amino
acid identity and 93% similarity to rat NIS. The human
NIS gene maps to 19p13.2-p12 (18) and contains 14
introns and 15 exons. The rat NIS gene is markedly
smaller in size compared with the human one,
although the number of exons is the same and the
mRNA sizes are similar. The current NIS secondary
structure model depicts NIS as a protein with 13 trans-
membrane segments (TMS) (figure 1), the amino ter-
minus facing the extracellular milieu, and the carboxy
terminus facing the cytosol; the location of both ter-
mini has been confirmed experimentally (19,20).

NIS-mediated I- transport is driven by the
transmembrane Na+ gradient that is actively generated
by the ouabain sensitive Na+/K+-ATPase pump, since
NIS couples the inward transport of two Nat ions to
the simultaneous translocation of one I- ion. NIS thus
functions as an electrogenic transporter, accumulating
positive charge inside the cell.

Although the mature NIS is a glycoprotein with
at least three Asn-glycosylation sites (figure 1), the lack
of N-linked glycosylation of the molecule does not
impair its function, stability or targeting to the cellular
membrane. NIS is synthesized as a precursor of
approximately 56 kDa and the mature glycolsylated
protein has 87 kDa (11).

Na*/lI- SYMPORTER (NIS)

Intracellular (cytoplasm)

COOH

i A=

Extracellular milieu

Figure 1. Current NIS secondary structure model.
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Structure and function studies have demon-
strated that a hydroxyl group at position 354 is essen-
tial for NIS function, in such a way that mutations in
the Thr 354 leads to loss of NIS function. In several
patients with congenital hypothyroidism due to a
defect in thyroid iodide uptake the substitution of Thr
to Pro at position 354 (T354P) has been found (21).
This amino acid substitution occurs in the transmem-
brane segment IX, where some other hydroxyl groups
are present. In fact, the hydroxyl groups present in
amino acids at positions Ser 353, Ser 356, and Thr
357 are also fundamental for NIS activity. Another
mutation found in patients with congenital hypothy-
roidism and impaired iodide uptake is the substitution
of Gly 395. The presence of an uncharged amino acid
residue with a small side chain at position 395 is also
necessary for NIS activity (22).

NIS is able to transport other anions, although
it has a higher selectivity for iodide. Thiocyanate com-
petes with iodide for the transporter and thus decreas-
es iodide accumulation; however, perchlorate, which is
10-100 times more potent than thiocyanate as a NIS
inhibitor, does not seem to be a substrate and is not
translocated by NIS (11).

REGULATION OF EXPRESSION AND FUNCTION IN
THYROID CELLS

TSH and iodide

TSH is required for the maintenance of differentiation
and for the proliferation of thyroid follicular cells.
Besides the induction of other thyroid specific differ-
entiation markers, TSH stimulates NIS gene expres-
sion, and increases iodide uptake by thyrocytes
(14,23). The majority of TSH actions on the thyro-
cytes are mediated by the intracellular increase in cyclic
adenosine 3’,5’-monophosphate (cAMP) levels, which
is secondary to adenylate cyclase activation. Both NIS
expression and targeting to the plasma membrane are
stimulated by TSH through the cAMP pathway (table
1), however the exact mechanism by which NIS gene
promoter is regulated by cAMP has not been fully
understood. Rat NIS promoter has been extensively
studied so far and two important proximal regions
described are a binding site for Titfl (TTF1) and a
TSH responsive element, where a putative transcrip-
tion factor NTF-1 (NIS TSH responsive factor-1)
interacts. The NIS upstream promoter (NUE) con-
tains two Pax 8 binding sites and a cAMP response ele-
ment-like sequence binding proteins. NUE region is
essential for full responsiveness to TSH (24).

Arq Bras Endocrinol Metab 2007;51/5
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NIS half-life is long and also modulated by TSH.
In the presence of TSH, NIS half-life is about 5 days
whereas in the absence of TSH it decreases to 3 days (14).

Like other transporters, NIS protein seems to exist
in at least two distinct sub cellular compartments: the
plasma membrane and intracellular vesicles. The latter
being a pool of NIS protein that could be rapidly mobi-
lized by TSH and other still undefined mechanisms
(14,23,25). Recently, we have demonstrated the rapid
modulation of NIS function at the plasma membrane
using a new methodological approach #n vivo (26): the
precocious thyroid radioiodide uptake measurement (15
minutes after radioiodide administration). Some factors
are determinants of iodine content in the thyroid gland:
iodide uptake through NIS, iodide efflux and iodine
organification at the apical membrane. The 15 min iodide
uptake measurement is not influenced by the previous
administration of methylmercaptoimidazole (MMI), a
drug that inhibits organification. On the other hand, the
2h-iodide uptake is decreased by almost 90% when MMI
is administered before iodide, showing that after 2 h of
iodide administration the majority of iodide accumulated
in the thyroid has already been organified. Thus, radioio-
dine content measured after 15 min of iodide administra-
tion can be an efficient evaluation of the basolateral trans-
port of iodide through NIS, without the interference of
iodide efflux and organification (26).

Animals treated with MMI for 21 days are
hypothyroid, have high serum TSH and increased NIS
function. When MMI is removed 2 days before sacri-

fice, serum TSH is still high and NIS activity signifi-
cantly decreases. This rapid decrease in NIS activity is
probably related to NIS redistribution into the thyro-
cyte, since this protein has a long half-life of 3-5 days
(14). The lower NIS activity in the presence of still ele-
vated serum TSH indicates that organified iodine
might be a potent NIS regulator, since 2 days after
MMI withdrawal TPO has resumed its activity, leading
to the production of an iodinated compound (IX),
which might be responsible for the inhibition of iodide
transport through the basolateral membrane of the
thyrocyte. Serum T, also began to rise 2 days after
MMI withdrawal, and reached normal values after 5
days without MMI, confirming the early TPO activity
resumption after MMI withdrawal (26).

Exposure of thyroid cells to high concentrations
of iodine é7 vitro and n vivo results in the reduction of
iodide transport and its organification into proteins, the
so-called Wolff-Chaikoft effect (2). The regulation of
thyroid function by iodine (auto-regulation) is transient,
since thyroid cells are able to escape from the effects of
iodine after some days of exposure (27). The mecha-
nisms involved in the escape from the Wolft-Chaikoff
effect are not known, but the cloning of NIS allowed
new insights into this important issue related to thyroid
gland physiology. Eng et al. (28) showed that a signifi-
cant decrease in the levels of NIS mRNA and protein
were detected in rat thyroids 1 and 6 days after an excess
of iodine (table 1), suggesting that decreased NIS
expression could be implicated in the escape from the

Table 1. Factors that regulate NIS expression and/or function.

FACTOR EFFECT

TSH Stimulates NIS gene expression, and increases iodide uptake
by thyrocytes in culture and thyroid gland

lodide Decreases the levels of NIS mRNA and protein, and reduces
NIS function at the plasma membrane. These effects seem to
depend on the production of organified iodine (IX)

Estrogen Reduces the sodium-iodide symporter gene expression and

the transport of iodide into FRTL-5 thyroid cell lines. In
ovariectomized rats treated with estradiol, NIS function increases
Different studies show that RA administration re-stimulates
iodine uptake in about 20-50% of patients with radioiodine
non-responsive thyroid carcinoma

Retinoic acid

Cytokines Decrease NIS expression
Histone deacetylase Treatment of thyroid cancer cell lines with histone deacetylase
inhibitors inhibitors increases NIS expression as well as iodide uptake

Pax8 expression This thyroid transcription factor is often reduced in thyroid tumors.
The re-expression of Pax8 seems to be associated with the recovery
of the NIS mRNA expression in rat thyroid cell line

Thyroglobulin (TG) accumulated in the follicular lumen might
reduce NIS mRNA levels secondary to decreased Pax-8

mRNA and protein levels

Thyroglobulin
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Wolft-Chaikoft eftect. More recently, we showed that
iodine excess also interferes with NIS function at the
plasma membrane, since sodium iodide (Nal) adminis-
tration for 6 days led to a significant reduction in NIS
activity 2 vivo (26). Nal treatment is unable to reduce
radioiodide transport when TPO activity was concomi-
tantly inhibited by MMI administration, showing that
NIS function is reduced by iodide only when TPO activ-
ity is present. These results support the idea that organi-
fied iodine (IX) rather than iodide itself is responsible for
the inhibition of the basolateral transport of 1", as previ-
ously suggested (29). The iodinated compounds that are
candidates for iodine organification blockade are
iodolipids (iodohexadecanal and iodolactones) (30,31).

In conclusion, NIS function at the plasma
membrane of thyrocytes depends tightly on TSH
although intracellular organified iodine is also an
important NIS modulator. Based on the fact that not
only NIS expression but also its targeting to the plas-
ma membrane are dependent on TSH, a decreased cel-
lular response to TSH when organified iodine content
increases might explain the decreased iodide uptake
even when serum TSH is still high.

These data reinforces the importance of a low
iodine diet regimen prior to radioiodine administra-
tion to patients with a diagnostic or therapeutic pur-
pose for thyroid disease management.

Estrogen
The prevalence of thyroid diseases is higher in women
than in men, and in the postmenopausal period a fur-
ther increase is detected (32,33). Some previous reports
indicate that estradiol might regulate thyroid function
through a direct action on thyrocytes (34 ), apart from a
possible effect on TSH secretion (35-38). The adminis-
tration of estradiol to ovariectomized and hypophysec-
tomized rats leads to a higher thyroid radioiodide
uptake (32,39), which supports the hypothesis of a
direct effect of estrogen on the thyroid. More recently,
the presence of estrogen receptors has been demon-
strated in both human and rat thyroid glands (40,41).
Although estradiol (table 1) seems to stimulate
thyroid iodide uptake #m wivo, a recent report has
shown that estradiol reduces the sodium-iodide sym-
porter gene expression and the transport of iodide into
FRTL-5 thyroid cell line (34). In order to address the
question of whether NIS function could be aftected by
estrogen iz vivo, we have shown that the short-term
radioiodide uptake is significantly increased in ovariec-
tomized rats treated with estradiol for 10 days.
Besides, we also evidenced a strong increase in TPO
activity in the OVX group that received the higher
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dose of estradiol (14 ug estradiol benzoate/100 g
body weight). Altogether, these data suggest that
estrogen stimulates both NIS and TPO activities in the
thyroid of ovariectomized rats. These effects appear
not to be mediated by serum TSH, which was
unchanged by estrogen, and could probably occur
through a direct action of estradiol on these two essen-
tial steps of thyroid hormone synthesis (42).

Radioiodide uptake was also increased in pre-
pubertal animals that received the higher dose of estradi-
ol, whereas TPO activity was unchanged in prepubertal
rats treated with estradiol (42). The mechanism underly-
ing the specific action of estradiol on thyroid NIS activity
in prepubertal rats remains to be clucidated. In adult
intact animals, radioiodide uptake remained unchanged
by estradiol treatment, while both doses of estradiol
increased TPO activity. Our findings support the idea
that the regulation of TPO and NIS activities by estradi-
ol depends on the gonadal status and /or the age of the
female rat. It is tempting to speculate whether these dif-
ferences might be related to different estrogen receptors
population in the thyroid gland at these different stages of
development and in FRTL-5 cells.

Retinoic acid
Retinoic acids (RA) are biologically active metabolites
of vitamin A, which regulate growth and differentia-
tion of many cell types by binding to specific nuclear
receptors (43). Recent studies with RAs have shown
that these drugs can induce #n vitro re-differentiation
of thyroid carcinoma cell lines, as suggested by
increased expression of some thyroid specific proteins
(44-47), and by the increment of cellular radioiodine
uptake (table 1) (48). In different studies, RA admin-
istration re-stimulated iodide uptake in about 20-50%
of patients with advanced thyroid carcinoma (49-56).
The exact mechanisms by which RAs could
reinduce NIS expression in some thyroid tumors have
not been defined yet.

Other factors

Interferons (IFNs) have been used to treat patients
with chronic viral hepatitis, malignant disorders, and
multiple sclerosis. IFN therapy has also been associat-
ed with a relatively high risk of developing thyroid dys-
function (57-59), and recently IFN was shown to
decrease thyroid NIS expression (60).

Other cytokines have also been shown to play a
role in the modulation of NIS function in thyroid cells.
Cytokines that affect thyroid function and growth and
cause immunological changes in the gland are produced
by both infiltrating inflammatory cells and the thyroid fol-
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licular cells themselves, although the latter only occurs in
autoimmune thyroid disease (61). The thyroidal effects of
cytokines have mostly been examined in FRTL-5 cells
kept in TSH-free medium, to which TSH and cytokines
were then added simultancously (62). The cytokines
investigated include TNF-a, TNF-p, interferon-y (IFN-
), IL-1a, IL-1B, IL-6, and TGF-f1, all of which exerted
an inhibitory effect on thyroid function, including
decreased NIS expression and iodide uptake.

Histone acetylation involves the reversible transfer
of the acetyl group of acetylcoenzyme A to the amino
group of lysine residues at histone proteins. This reaction
is catalyzed by histone acetyltransterases (HATSs) and can
be reversed by histone deacetylases (HDACs) (63-65).
Therefore, HAT and HDAC activities determine the
acetylation levels of histones, and thus gene transcription
since acetylated histones lead to a relaxation of DNA
strands, allows the access of protein transcription machin-
ery and increases DNA transcription. Several compounds
induce histone hyperacetylation by reducing the rate of
histone deacetylation through the inhibition of HDAC
(66). Several reports have shown that treatment of thy-
roid cancer cell lines with histone deacetylases inhibitors
increases NIS expression as well as iodide uptake (67-72).

The thyroid-specific transcription factor Pax8, a
paired domain protein, is able to regulate, in normal
thyroid cells, the expression of many thyroid specitic
proteins and is often reduced in thyroid tumors, espe-
cially in the less differentiated ones (73-76). Re-
expression of Pax8 is associated with the recovery of
NIS, as well as TPO and Tg mRNA expressions in a rat
thyroid cell line (77). Presta et al. (78) showed that
stably transfection of Pax8 into thyroid tumor cells
recovers their iodine uptake ability.

Suzuki et al. (79) have shown that thyroglobu-
lin (TG) accumulated in the follicular lumen is a
potent suppressor of NIS mRNA levels, in addition to
decreasing mRNA levels of TG itself, TPO, and TSH
receptor (TSHR). Follicular TG seems to decrease
TG, TPO and NIS expression secondary to a decrease
in Pax-8 mRNA and protein levels. Although these
data are very interesting and intriguing, the possible
auto-regulatory effect of TG needs further confirma-
tion and definition of its physiological importance.

REGULATION OF EXPRESSION AND FUNCTION IN
BREAST CANCER (MCF-7) CELLS

Differently from its regulation in thyroid cells, NIS

expression in MCE-7 cells is down regulated by cAMP
increase. However, all-trans-retinoic acid modestly

Arq Bras Endocrinol Metab 2007;51/5

increases NIS expression, an effect that is markedly poten-
tiated by hydrocortisone and purinergic signaling (80).

These recent findings show unequivocally that
the regulation of NIS expression is cell-type specific.
Thus, not only the induction of NIS expression by a
tumor is important for its use as a therapeutical tool,
but also the knowledge about its regulation in each
cell type will be of great importance.

NIS AND THYROID DISEASE

Congenital hypothyroidism

Thyroid iodide uptake defects lead to decreased thy-
roid hormone biosynthesis, increased serum TSH and
goiter. Congenital hypothyroidism due to impaired
iodide uptake has long been described in the literature;
however, NIS mutations were recognized only after
the cloning of NIS ¢DNA, and correspond to point
mutations [G93R, Q267E, C272X, T354P, Y531X,
G543E, G395R, V59E or frameshift (515X)]. Func-
tional studies have already been done for some mutat-
ed NIS and have confirmed the following changes in
NIS molecular characteristics: loss of function of the
protein (T354P, G395R), partial activity (Q267E) or
impaired targeting of the protein to the plasma mem-
brane (G543E) (81,82).

Benign thyroid lesions

Benign hypofunctioning thyroid lesions of follicular ori-
gin, as well as malignant ones, show a decrease of iodide
uptake activity. Either increased or decreased hNIS expre-
ssion in benign lesions has been reported. Probably these
discordant findings are related to different methodologi-
cal approaches. It is now believed that NIS gene expres-
sion can be normal or even high in some lesions (about
50%), however mature NIS protein expression is absent
in all benign hypofunctioning lesions. hNIS immunore-
active species are identified mainly intracellularly (figure
2), and the expressed NIS protein has a low-molecular
mass, suggesting a post-translational defect (83).

In hyperfunctioning thyroid nodules and dif-
fuse toxic goiters, NIS protein is highly expressed and
functional, thus allowing the use of radioactive iodide
for the destruction of these goiters and the manage-
ment of hyperthyroidism (84).

Differentiated thyroid cancer

In the case of DTC, the detection of cancer relapse by
whole body scanning and treatment of cervical rem-
nant, locoregional and distant metastasis with radioio-
dine are possible due to the ability of tumor cells to
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Colloid

Functional NIS Intracellular NIS in some

thyroid cancers and
cold adenomas

Figure 2. NIS localization in normal and tumoral thyroid
cells.

accumulate iodine. The higher tumor recurrence rate
in patients treated only with surgery and TSH suppres-
sion than in those who also received radioiodine thera-
py shows the importance of thyroid remnant ablation
by radioiodine (85). However, the effectiveness of
radioiodine therapy depends on the effective radiation
dose delivered to the tumor tissue, which depends on
the iodine concentrating ability of the cells.

Although DTC retain most of the biochemical
properties that are specific of normal follicular cells, a
variety of abnormalities have been demonstrated. For
example, malignant tumors show up as hypofunction-
ing areas on thyroid scintigraphy, indicating that their
iodine uptake and/or accumulation are impaired.

Ryu et al. (86) reported lower expression of
NIS mRNA in samples of thyroid carcinoma compared
to normal tissues. Other studies using quantitative
RT-PCR or immunohistochemistry also showed that
NIS levels in carcinomas were decreased (87,88).

Although reduced NIS expression might be
responsible for the thyroid inability to concentrate iodine,
immunohistochemistry studies demonstrated that NIS is
indeed overexpressed in some thyroid cancer samples. In
fact, recent data showed that NIS localization is mostly
intracellular in some tumors (figure 2), suggesting that
impaired targeting of NIS to the plasma membrane could
explain the decreased iodide uptake ability (12,25,89).

During tumor progression, up to 30% of
patients with persistent/metastatic thyroid carcinoma
show cellular de-differentiation, characterized by more
aggressive growth, loss of iodide uptake ability and
other markers of thyroid cell differentiation. These
patients with de-differentiated thyroid carcinoma rep-
resent a therapeutic challenge, since treatment options
are limited, and usually not efficient.
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The crucial role of radioiodine therapy for the
evolution of thyroid carcinomas stimulated the search
for drugs that could enhance functional NIS expres-
sion in tumors and thus iodine accumulation, such as
retinoic acid, histone deacetylase inhibitors and block-
ers of methyltransferase, as mentioned above.

NIS EXPRESSION IN NON-THYROID TISSUES

Apart from the thyroid gland, NIS is normally
expressed in salivary glands, lactating mammary gland,
lacrimal glands, stomach, choroid plexus, ciliary body
of the eye, skin, placenta, and thymus (11).

Nonthyroidal transport of iodide share similar
characteristics as those of the thyroid gland: the trans-
port of iodide is inhibited by perchlorate and thio-
cyanate, and the concentration gradient generated by
the transport is of similar magnitude.

Several studies have localized NIS in the baso-
lateral membrane of exocrine glands and indicate that
NIS might be involved in the transport of iodide from
the serum to the secreted fluids of these glands.
Besides the maternal-newborn or -fetal transfer of
iodide by mammary glands and placenta, the iodide in
secretory fluids could be transformed in hypoiodide
and function as an antimicrobial agent (11).

NIS GENE TRANSFER FOR CANCER
MANAGEMENT

In order to extend the use of radioiodine therapy to
non-thyroid cancers, the transfer of NIS gene to can-
cer cell lines have already been tested (90). NIS gene
transfer has been effective and iodide uptake was suc-
cesstul in several types of human cancer cell lines, like
cervix cancer, breast cancer, glioma, hepatoma,
prostate carcinoma, non-small cells lung cancer, follic-
ular thyroid carcinoma, ovarian cancer, pancreatic can-
cer, melanoma, and myeloma (11,91,92).

Not only iodide uptake is necessary, but also its
retention is relevant to enable its cytotoxic effects to
occur. The radiation dose necessary to exert a therapeu-
tic effect is not achieved due to the rapid efflux of
radioiodide from the cells. To try to overcome this prob-
lem, some drugs that decrease iodide efflux have been
tested (93). Also, the efficiency of NIS transfer has been
improved with the use of modified vectors (94,95) and
higher viral doses, however this approach increases the
toxicity of gene therapy approach. Thyroid gland not
only concentrates iodide but also retains it for several

Arq Bras Endocrinol Metab 2007;51/5



Clinical Perspectives of NIS Molecule
Carvalho & Ferreira

days because of its iodide organification ability. Howev-
er, the importance of iodide organification for its reten-
tion in thyroid tumors is questionable.

The selective targeting of NIS to malignant
cells can be achieved by using tissue-specitic promot-
ers that drive NIS gene expression. Xenograft tumors
in nude mice have been used to test the effectiveness
of in vitro NIS gene transfer into prostate tumor cells.
The size of the xenograft tumors expressing NIS was
significantly reduced after the administration of a ther-
apeutic dose of radioiodide (95). Adenovirus-mediat-
ed in vivo NIS gene transfer has also been effective for
increasing iodide uptake in prostate cancer xenografts
in nude mice, indicating that z» vivo gene transfer into
different types of tumors might indeed function in the
future. In these animals that received the injection of
adenovirus vector carrying NIS gene linked to the
cytomegalovirus promoter, the volume of prostate
tumor xenografts was significantly reduced by radioio-
dine administration (96). These findings indicate that
NIS gene delivery can lead to sufficient NIS activity for
radioiodide therapeutic use and also that iodide organ-
ification is not a fundamental step for radioiodine
effectiveness to occur. hNIS gene transfer has also
been tested using the calcitonin-promoter to target
NIS gene expression to medullary thyroid cancer cells
(97). After NIS-gene transfer, these cells were able
express functional NIS and to significantly uptake
iodide. Altogether, these results show that NIS gene
transfer corresponds to a promising approach that
leads to a significant increase in the iodide uptake abil-
ity by difterent tumor cell types.

Apart from the use of NIS gene transfer with
therapeutic purposes, the uptake of radioiodide allows
the localization of metastasis and cancer recurrence.
Thus, the use of NIS for non-invasive imaging has
been recently tested. Positron-emission tomography
(PET) can be used in NIS transduced tumors using
124] | an isotope of iodine that emits positrons. PET
scan permits a high-resolution imaging and precise
anatomical localization of tumors (98).

OTHER RADIOACTIVE ISOTOPES
TRANSPORTED BY NIS

Technetium is transported by NIS and has been used
for thyroid scintigraphic imaging (99). Rhenium is a
chemical analog of technetium that corresponds to a
beta emitting radionuclide with a half-life of 16.7
hours. Rhenium could be effective over a higher tissue
range (23-32 mm), being eftective also for treatment
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of large tumors (100,101). Further studies are needed
in order to better define whether the use of rhenium
can be more effective than that of 131].

Astatine is an alfa-emitting radiohalide with a
high linear energy, however its tissue range is short
and its availability is scarce (102).
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