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Abstract

 

Iodide is concentrated to a much lesser extent by papillary
thyroid carcinoma as compared with the normal gland. The
Na

 

1

 

/I

 

2

 

 symporter (NIS) is primarily responsible for the up-
take of iodide into thyroid cells. Our objective was to com-
pare NIS mRNA and protein expression in papillary carci-
nomas with those in specimens with normal thyroid.
Northern blot analysis revealed a 2.8-fold increase in the
level of NIS mRNA in specimens with papillary carcinoma
versus specimens with normal thyroid. Immunoblot analy-
sis using anti–human NIS antibody that was produced with

 

a glutathione 

 

S

 

-transferase fusion protein containing NIS
protein (amino acids 466–522) showed the NIS protein at
77 kD. The NIS protein level was elevated in 7 of 17 cases of
papillary carcinoma but was not elevated in the normal thy-
roid. Immunohistochemical staining revealed abundant
NIS in 8 of 12 carcinomas, whereas NIS protein was barely
detected in specimens with normal thyroid. Although con-
siderable patient-to-patient variation was observed, our re-
sults indicate that NIS mRNA is elevated, and its protein
tends to be more abundant, in a subset of papillary thyroid
carcinomas than in normal thyroid tissue. (

 

J. Clin. Invest.

 

1998. 101:1296–1300.) Key words: iodide transport 
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Introduction

 

Patients with well differentiated thyroid carcinoma show a
high survival rate (1), however, some of them die within a few
years when metastases from thyroid carcinomas are present in
lung, bone, mediastinum, or brain (1, 2). Therapeutic irradia-

 

tion with 

 

131

 

I after surgical thyroidectomy has been considered
potentially useful for these patients with metastatic thyroid
carcinomas (2–4) consequently giving a good prognosis (5, 6).

Metastatic carcinomas do not usually concentrate radioiodine
in the presence of normal thyroid tissue (7, 8), therefore, a to-
tal thyroidectomy with ablation of the residual thyroid tissue is
necessary for 

 

131

 

I treatment. In addition, primary thyroid carci-
nomas are observed to have cold regions in presurgical 

 

123

 

I or

 

99m

 

Tc scans (9, 10). These lines of evidence suggest that thyroid
carcinomas, especially papillary carcinomas, tend to concen-
trate iodide to a much lesser extent than normal thyroid tis-
sues. Furthermore, high serum levels of thyrotropin (TSH)

 

1

 

are thought to be required for increased uptake of radioiodine
in metastatic thyroid carcinomas (8, 11, 12), also suggesting a
reduced response of thyroid carcinoma to TSH.

 

Thyroid Na

 

1

 

/I

 

2

 

 symporter (NIS), first identified in a rat
thyroid cell line FRTL-5 (13), has been thought to play an im-
portant role in iodide uptake by thyroid cells. Recently, cDNA
of human NIS has been cloned (14, 15) and the expression of
NIS mRNA and protein has been shown to be increased in
thyroid tissue from patients with Graves’ disease and in pri-
mary cultured human thyroid cells stimulated by TSH (15). In
this study, the expression of NIS mRNA and protein in speci-
mens with papillary thyroid carcinoma was determined using
anti–human NIS antibody.

 

Methods

 

Subjects.

 

The thyroid tissue was obtained from 31 patients with papil-
lary carcinoma who underwent thyroidectomy. The tissues were ran-
domly selected. The diagnosis of papillary carcinoma was made
according to the World Health Organization diagnostic criteria pro-
posed in 1988. Normal thyroid specimens were carefully obtained
from the nonaffected lobe of patients with papillary carcinoma. One
specimen was obtained from a patient with Graves’ disease who un-
derwent subtotal thyroidectomy. Some patients underwent a 

 

99m

 

Tc
pertechnetate scan before surgery. Specimens of papillary thyroid
carcinoma and of the normal thyroid were stored at 

 

2

 

80

 

8

 

C. The age
of the subjects ranged from 17 to 68 yr (mean 48.9 yr). Tumors
showed cold regions in six patients who underwent 

 

99m

 

Tc pertechne-
tate scintigraphy. Serum thyroglobulin levels were elevated in four
subjects before surgery. 11 subjects exhibited cervical metastasis al-
though none had distant metastasis preoperatively. Protocols were
approved by the institutional ethics board of Yamanashi Medical
University.

 

Northern blot analysis.

 

Total RNA was prepared from specimens
of six normal thyroid glands and of six papillary thyroid carcinomas
according to the guanidinium/cesium chloride ultracentrifugation
method (16). The mRNA was isolated using oligo(dT)-latex (Takara,
Ohtsu, Japan). The mRNAs (0.2 

 

m

 

g) were then separated on a 1%
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agarose gel and transferred to a nylon filter. A cRNA probe for hu-
man NIS or mouse glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was prepared by the in vitro transcription of pcDNA3
(containing the human NIS cDNA) with SP6 RNA polymerase
(Pharmacia LKB, Tokyo, Japan), or pTRI-GAPDH-mouse (Am-
bion, Austin, TX) with T7 RNA polymerase as described previously
(15). The filter was incubated with the probes, washed, and the levels
of mRNA were quantitated with a BAS2000 system (Fujix, Tokyo,
Japan). The data were normalized to values for GAPDH mRNA ob-
tained from the same filter.

 

Production of polyclonal anti-NIS antibody.

 

The sense primer
used to obtain human NIS cDNA was 5

 

9

 

-CGCAGGATCCTAC-
CCACCCAGCGAGCAGACC (residues 1396–1416). The antisense
primer was 5

 

9

 

-GCTAGAATTCTCAGCTGTCAGCTAAGGCGGG
(residues 1549–1566). A in the ATG initiation codon of human NIS
cDNA (14, 15) is designated as 

 

1

 

1. The PCR mixture contained 2 ng
of template cDNA, 1.5 U of 

 

Taq

 

 DNA polymerase (Takara), and 500
ng of each primer. The template cDNA contained the entire coding
sequence of NIS (15). The reaction proceeded for 35 cycles of 0.5 min
at 94

 

8

 

C, 1 min at 52

 

8

 

C, and 3 min at 72

 

8

 

C. The product was ligated to
pGEX-2T (Pharmacia). The sequence of the ligated product and the
frame in translation were confirmed by sequence analysis. The NIS
cDNA on pGEX-2T was then transfected into 

 

Escherichia coli

 

(BL21[DE3]pLysS; Novagen, Madison, WI). After the induction of
protein synthesis with isopropyl-

 

b

 

-

 

D

 

-thio-galactopyranoside, the fu-
sion protein was purified using glutathione Sepharose 4B (Pharma-
cia). The fusion protein (1-mg aliquots) was emulsified with Freund’s
complete adjuvant and injected into rabbits every other week. After
13 wk, serum was obtained from the rabbits and used in the immuno-
blot analysis of NIS protein and immunohistochemical detection.

 

Immunoblot analysis of NIS protein.

 

The thyroid specimen was
homogenized at 4

 

8

 

C in a homogenizing buffer (10 mM Tris-HCl [pH
7.4], 5 mM NaCl, 1 mM EDTA, 0.25 M sucrose, 1 mM phenylmethyl
sulfonyl fluoride, and leupeptin [50 

 

m

 

g/ml]), and the lysate was centri-
fuged at 700 

 

g

 

 for 10 min at 4

 

8

 

C. The supernatant was further centri-
fuged at 100,000 

 

g

 

 for 90 min at 4

 

8

 

C to obtain the total postnuclear
membrane fraction. The membrane fraction was resuspended in the
homogenizing buffer at a protein concentration of 2 mg/ml and kept
at 

 

2

 

80

 

8

 

C. The membrane fraction (exactly 15 

 

m

 

g/lane) was subjected
to electrophoresis on a 10% polyacrylamide gel containing 0.1%
SDS, and transferred onto a nitrocellulose filter (15, 16). Immunoblot
analysis was performed (15–18) with the antiserum for human NIS
(1:250) prepared as described above. Briefly, after blocking with 5%
low-fat milk, the filter was exposed to the antiserum at room temper-
ature for 2 h. Peroxidase-conjugated goat anti–rabbit IgG was added
at a 1:1,000 dilution for 1 h at room temperature. If indicated, antise-
rum (1:500) for the amino-terminal portion of rat NIS (amino acids
1–231) was used (15–18). The level of immunoreactive human NIS
was quantitated with a scanning densitometer (model GT-8000; Ep-
son, Tokyo, Japan).

 

Immunohistochemical detection.

 

Thyroid specimens were fixed
with formalin according to the routine protocol. Immunohistochemi-
cal analysis was performed with a Santa Cruz ABC Immunostain Sys-
tem (Santa Cruz Biotechnology, Santa Cruz, CA). After quenching
endogenous peroxidase, the sections on glass slides were preincu-
bated in blocking serum and then incubated with antiserum to NIS
(1:1,000) or with antiserum that had been incubated with human NIS
antigen (preadsorbed serum). After being washed with PBS, the sec-
tions were incubated with biotinylated secondary antibody, washed
with PBS, and incubated with avidin-biotin enzyme reagent. The sec-
tions were then washed with PBS, incubated with peroxidase sub-
strate solution, and photographed with a microscope.

 

125

 

I

 

2

 

 accumulation in cultured papillary carcinoma cells.

 

Cells were
prepared and cultured as described previously (15, 19, 20). After
trimming the surrounding tissue carefully, a specimen of papillary
carcinoma was digested with collagenase type II (1 mg/ml) (Sigma
Chemical Co., St. Louis, MO) and dispase II (5 mg/ml) (Boehringer
Mannheim, Mannheim, Germany). The cells were seeded in 12-well

 

culture plates and cultured in Coon’s modified Ham’s F-12 medium
(Sigma Chemical Co.) containing insulin (10 

 

m

 

g/ml), transferrin (5 

 

m

 

g/
ml), somatostatin (10 ng/ml), hydrocortisone (10 nM), glycyl-

 

L

 

-histi-
dyl-L-lysine (10 ng/ml), penicillin (100 U/ml), streptomycin (100 

 

m

 

g/
ml), and amphotericin B (2.5 

 

m

 

g/ml) with or without calf serum (5%)
(Life Technologies, Grand Island, NY) in the presence or absence of
TSH (10 mU/ml) (Sigma Chemical Co.). The medium was replaced
every other day. After 6 d, cells were incubated for 1 h at 37

 

8

 

C with
100 nM 

 

125

 

I

 

2

 

 (5 mCi/liter) in I

 

2

 

 uptake buffer (137 mM NaCl, 5.4 mM
KCl, 1.3 mM CaCl

 

2

 

, 0.4 mM MgSO

 

4

 

, 0.5 mM MgCl

 

2

 

, 0.4 mM Na

 

2

 

HPO

 

4

 

,
0.44 mM KH

 

2

 

PO

 

4

 

, and 5.55 mM glucose with 10 mM Hepes buffer,
pH 7.3) containing mercaptomethylimidazol (1 mM). The cells were
rapidly rinsed and scraped from each well, and the associated radio-
activity was measured with a 

 

g

 

-counter. The radioactivity was nor-
malized to the cellular protein content measured in the same cells.

 

Statistical analysis.

 

Data are presented as the mean

 

6

 

SEM of val-
ues from samples. The significance of differences between group
means was analyzed by Student’s (unpaired) 

 

t 

 

test. When multiple
comparisons were made, statistical significance was determined by
ANOVA with a Bonferroni/Dunn post-hoc test. A level of 

 

P 

 

,

 

 0.05
was considered statistically significant.

 

Results

 

Northern blot analysis of NIS.

 

Consistent with previous re-
sults (15), Northern blot analysis of thyroid mRNA with the
human NIS cRNA probe revealed marked hybridization with
an mRNA of 

 

z

 

 3.5 kb. A strong signal for NIS mRNA was ob-
served in papillary carcinomas (Fig. 1 

 

A

 

, lanes 

 

5–9

 

), whereas
signal was barely detected in the specimens of normal thyroid
(lanes 

 

1

 

–

 

4

 

). Normalization relative to GAPDH mRNA indi-
cated that NIS mRNA was significantly more abundant (2.8-
fold) in papillary carcinoma than in normal thyroid tissue (Fig.
1 

 

B

 

). In four of the six, both papillary carcinoma and normal
specimens were obtained from the same subjects. NIS mRNA
levels in cancerous tissue (3.58, 3.68, and 10.87 arbitrary units)

Figure 1. Northern blot 
analysis of a normal 
thyroid gland and a thy-
roid gland with papil-
lary carcinoma. (A) The 
mRNA from normal 
thyroid glands (lanes
1–4) and papillary carci-
nomas (lanes 5–9) was 
incubated with a cRNA 
probe for human NIS 
and with a mouse 
GAPDH cRNA probe. 
The representative 
data are shown. The po-
sitions of 28S and 18S 
ribosomal RNA are in-
dicated. (B) Quantita-
tive analysis of data 
from A. The amount of 
NIS mRNA is ex-
pressed relative to the 
amount of GAPDH 
mRNA. Data are ex-

pressed as the mean6SEM of values from n specimens. *Value of
P , 0.05 vs. normal by Student’s (unpaired) t test.
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were increased as compared with those in normal thyroid
(0.17, 1.24, and 1.21 arbitrary units respectively) in three of the
four subjects. One subject showed similar levels of NIS mRNA
in tumor and normal tissue.

 

Immunodetection of NIS.

 

Immunoblot analysis with anti-
serum to human NIS detected an immunoreactive protein of

 

z

 

 77 kD in Graves’ thyroid tissue (Fig. 2 

 

A

 

, lane 

 

2

 

). The mo-
lecular size was consistent with that of the protein detected
with antiserum to rat NIS (Fig. 2 

 

A

 

, lane 

 

1

 

) as reported previ-
ously (15). An amino-terminal portion of rat NIS (amino acids
1–231) was used to raise anti–rat NIS antibody (15–18),
whereas the putative sixth extracellular loop of human NIS
(amino acids 466–522) was used in this study. Since both anti-
sera appeared to react with the same protein from the same
thyroid specimens, the antisera were assumed to detect thyroid
NIS. The immunoreactive protein from the specimen of papil-
lary thyroid carcinoma was also detected at the same position
(Fig. 2 

 

A

 

, lane 

 

3

 

). Antiserum that had been incubated with the
human NIS antigen did not react with the 77-kD protein. Anti-
serum and preadsorbed antiserum weakly stained material
smaller than the 77-kD protein (Fig. 2 

 

A

 

, lane 

 

4

 

). NIS has
shown to be a glycosylated protein in previous reports (21, 22).
Therefore, 

 

N

 

-glycosidase F treatment was performed in the
presence of 0.5% Nonidet P-40 to characterize a glycosylation
in papillary carcinoma. 

 

N

 

-glycosidase F yielded an 

 

z

 

 55-kD
immunoreactive protein in both Graves’ thyroid and papillary
carcinomas (Fig. 2 

 

B

 

, lanes 

 

2

 

 and 

 

4

 

), consistent with previous
observations (19, 20), although there remained a 77-kD pro-
tein by incomplete digestion.

Strong staining for NIS protein was detected in some speci-
mens of papillary carcinoma, whereas NIS was barely detected
in specimens of normal thyroid (Fig. 3 

 

A

 

). The mean NIS pro-
tein levels were 0.53

 

6

 

0.20 (mean

 

6

 

SEM, arbitrary units) in
normal thyroid tissue and 2.26

 

6

 

0.55 in papillary carcinoma

 

specimens. 7 of the 17 specimens (41.2%) of papillary carci-
noma exhibited elevated levels of NIS protein (Fig. 3 

 

B

 

). To
confirm these findings, anti–rat NIS antibody was also used in
immunoblot analysis with the same specimens, resulting in
similar observations (data not shown). Both carcinoma and
normal thyroid tissue were obtained in 5 of the 17 subjects.
Three showed an abundant and others a similar level of NIS
protein in carcinoma. In addition, both Northern and immuno-
blot analyses were performed in four subjects. Three of the
four showed increased levels of NIS mRNA and protein in
papillary carcinoma, whereas one did not.

 

Immunohistochemical staining.

 

To confirm the results of
immunoblot analysis, sections from 12 papillary carcinomas
were subjected to immunohistochemical staining with antise-
rum to human NIS (Fig. 4, representative sections). Staining
for NIS was obvious in papillary carcinoma cells except in the
nucleus (Fig. 4, 

 

A

 

, 

 

C

 

, 

 

E

 

, and 

 

F

 

). Almost all carcinoma cells
were strongly stained, whereas some carcinoma cells in the
same section were not stained. Carcinoma cells were strongly
stained in 8 out of 12 specimens. Relatively weak staining was
obtained in four specimens. One (Fig. 4 

 

G

 

) diagnosed as a fol-
licular variant of papillary carcinoma. The carcinoma cells
were not stained by preadsorbed antiserum (Fig. 4, 

 

B

 

 and 

 

D

 

).
Normal thyroid cells that were beside papillary carcinoma in
the same section of Fig. 4 

 

F

 

 were barely stained with NIS anti-
serum (Fig. 4 

 

H

 

). Three specimens in which NIS mRNA and
protein levels were increased were subjected to immunohis-
tochemical staining and NIS protein was clearly detected in all
specimens. The representative section was shown in Fig. 4 

 

E.

 

125

 

I

 

2

 

 accumulation in cultured papillary carcinoma cells.

 

Finally, we performed in vitro analysis of I2 accumulation in
papillary carcinoma cells in the presence or absence of TSH to
allow analysis of TSH regulation of NIS activity. At a high con-
centration of TSH (10 mU/ml), iodide accumulation was ob-
served in a serum-free condition. The increase in iodide accu-

Figure 2. (A) Characteriza-
tion of anti–human NIS anti-
body. The membrane fractions 
prepared from specimens of 
Graves’ thyroid gland (lanes 1 
and 2) and of papillary carci-
noma (lanes 3 and 4) were sub-
jected to immunoblot analysis 
with antiserum to rat (lane 1) 
and human NIS (lanes 2 and 
3). Antiserum to human NIS 
was preadsorbed with antigen 
and used in lane 4. The arrow 
indicates 77-kD immunoreac-
tive protein. M indicates stan-
dard molecular markers. (B) 
Immunoblot analysis of mem-
brane fractions treated with
N-glycosidase F. Membrane 
fractions from Graves’ thyroid 
and papillary carcinoma were 
incubated with (lanes 2 and 4) 
or without (lanes 1 and 3) 40 
U/ml N-glycosidase F (Boeh-

ringer Mannheim) in the presence of 0.5% NP-40 overnight at 378C in 
PBS (pH 7.2) Lanes 1 and 2, Graves’ thyroid; lanes 3 and 4, papillary 
carcinoma. 77- and 55-kD immunoreactive proteins are indicated.

Figure 3. Immunoblot 
analysis of normal thy-
roid and papillary thy-
roid carcinomas. (A) 
Membrane fractions 
from normal thyroids 
(lanes 1–4) and papil-
lary carcinomas (lanes 
5–8) were subjected to 
immunoblot analysis 
with antiserum to hu-
man NIS. The arrow in-
dicates the 77-kD im-
munoreactive protein. 
M indicates standard 
molecular markers. 
The representative 
data are shown. (B) 
Quantitative densito-
metric analysis of 7 nor-
mal thyroids and 17 
papillary carcinomas. 
No significant differ-
ence in mean values was 

indicated by Student’s (unpaired) t test. The line indicates the mean 
plus 2 SD of the NIS protein level of normal thyroids.
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mulation was significant, however, only 2.4-fold that in the
cells cultured without TSH (Fig. 5). Serum (5%) inhibited io-
dide accumulation stimulated by TSH, consistent with previ-
ous observations (15, 19, 20).

Discussion

Given the reduced uptake of iodine by papillary thyroid carci-
nomas in the presence of normal thyroid tissue (9, 10), the
abundant expression of NIS in the specimen of papillary thy-
roid carcinomas in this study is unexpected. Levels of NIS
mRNA in well-differentiated papillary thyroid carcinomas
were increased as compared with normal thyroid specimens.
Immunoblot analysis and immunohistochemical staining re-
vealed that NIS protein was abundant in the carcinomas, al-
though wide patient-to-patient variation was observed, and
some carcinomas did not contain elevated levels of NIS pro-
tein. This variation in NIS protein level may explain the ab-
sence of a significant difference in mean protein levels be-
tween the normal thyroid glands and those with papillary
carcinomas. In contrast, Smanik et al. reported recently that
expression of NIS is reduced in thyroid tumors compared to
normal thyroid tissues (23). We do not know the precise rea-

son of the discrepancy, however, our methodology for detect-
ing NIS mRNA is different from theirs. At first, we also used
human NIS cDNA as a probe for detecting NIS mRNA signals
in thyroid tissues as Smanik et al. (23) did, but we could not
obtain sufficient signals to evaluate its accurate levels or
amounts. Therefore, we used a cRNA probe to increase sensi-
tivity and found that NIS mRNA in malignant tissues was in-
creased. To examine the discrepancy, we studied further the
levels of NIS protein. The results of immunoblot analysis as
well as immunohistochemical staining supported our data of
Northern blot analysis, and no discrepancy was found in our
results.

The mechanism of the increase of NIS gene and protein ex-
pression in papillary carcinoma tissues remains obscure, how-
ever, many reports have revealed that basal adenylate cyclase
activity is increased in thyroid carcinomas as compared with
normal thyroid specimens (24–26). Since we demonstrated re-
cently that NIS mRNA and protein expression were stimu-
lated by the cAMP pathway in both human and rat thyroid
cells (15, 16), it is likely that the increased activity of adenylate
cyclase may play some role in stimulation of NIS expression in
a subset of papillary thyroid carcinomas.

In spite of a sufficient amount of NIS protein, well-differ-
entiated thyroid carcinoma does not accumulate radioiodine
to the same extent as normal thyroid tissue in vivo, suggesting
that NIS is inactive in patients with thyroid carcinoma. One ex-
planation for the NIS inactivation could be the difference of
posttranslational modification, such as glycosylation, of NIS
between normal and carcinoma tissues. Glycosylation has
been thought to be essential for correct folding and stabiliza-
tion of the protein conformation (22), and human NIS has pu-
tative glycosylation sites (14). However, our analysis of NIS by
N-glycosidase F treatment suggests that similar glycosylation is
assumed in NIS of Graves’ thyroid and papillary carcinoma. In
addition, by site-directed mutagenesis of an N-linked glycosy-
lation site, Levy et al. showed that the glycosylation was not es-
sential for iodide transport activity (27). These findings suggest
that an altered glycosylation of NIS might not be the reason
for low iodide uptake activity in papillary carcinomas. Another
explanation could be the mutation of the NIS gene itself. How-
ever, observations that an elevated level of TSH and treatment
with retinoic acid or anticancer drugs can recruit NIS activity
in thyroid carcinomas strongly suggest the reversibility of loss
of the NIS activity in carcinoma tissue (8, 11, 12, 28, 29). Thus,

Figure 4. Immunohistochemical staining for NIS in papillary carcino-
mas. Representative sections from papillary carcinomas (A, B, E, F, 
and G, 3100; C and D, 3400) were subjected to immunohistochemi-
cal staining. H is a photomicrograph of normal thyroid from the same 
section as F (3100). Antiserum to human NIS (1:1,000)(A, C, E, F, G, 
and H) or antiserum (1:1,000) preincubated with antigen (B, D) was 
used. The scale bar represents 25 mm in C and D and 100 mm else-
where.

Figure 5. 125I2 accumulation in 
cultured papillary carcinoma 
cells. The cells were seeded 
and cultured with or without 
calf serum (5%) in the pres-
ence or absence of TSH (10 
mU/ml). After 6 d, 125I2 accu-
mulation was determined as 
described in Methods. Data 
are the mean6SEM of six 
wells. 100% indicates 5.34 
pmol/mg protein. *P , 0.001 
vs. control (no additives), by 
Bonferroni/Dunn post-hoc 
test.
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it also seems unlikely that the mutation of the gene is responsi-
ble for a loss of iodide transport activity.

Concerning the relation of NIS activity and protein levels,
we reported recently that the amount of NIS protein did not
correlate with iodide uptake activity (15, 16). Although a suffi-
cient amount of NIS existed in TSH-depleted thyrocytes, their
iodide uptake activity was very low. A similar observation was
reported by Kaminsky et al. (30) who demonstrated that NIS is
present, probably in an inactive state, in TSH-depleted cells
despite their lack of iodide transport activity. Based on these
findings, Kaminsky et al. and our group proposed the exis-
tence of an unknown, TSH-dependent, factor which modulates
NIS activity.

Clinical evidence indicates that an elevated level of TSH is
a prerequisite for the accumulation of iodide by differentiated
thyroid carcinomas (8, 11, 12), suggesting that the response to
TSH is impaired in carcinoma cells. Indeed, decreased affinity
for TSH (31), reduced number of TSH binding sites (32, 33),
and decreased expression of TSH receptor (34) have been
demonstrated in such carcinomas. Using the primary cultured
cells from a papillary carcinoma tissue, we also confirmed the
existence of iodide uptake activity of the cells and its stimula-
tion by high doses of TSH, but the response seems to be less
than those in cells from Graves’ or normal thyroid (15, 19, 20).
These findings may mimic an altered iodide uptake activity
and impaired response to TSH in papillary carcinoma in vivo.
Thus, at present, we presume that TSH-dependent NIS modu-
lator might be involved in suppression of NIS activity in carci-
noma tissues. Further elucidation clarifying the unknown fac-
tor(s) may point to adjuncts to the current treatment of
patients with differentiated thyroid carcinomas.

References

1. Beierwaltes, W.H. 1986. Natural history of thyroid carcinoma. In
Werner’s the Thyroid. S.H. Ingbar and L.E. Braverman, editors. Lippincott,
Philadelphia. 1319–1328.

2. Samaan, N.A., P.N. Schultz, T.P. Haynie, and N.G. Ordonez. 1985. Pul-
monary metastasis of differentiated thyroid carcinoma: treatment results in 101
patients. J. Clin. Endocrinol. Metab. 65:376–380.

3. Pochin, E.E. 1967. Prospects from the treatment of thyroid carcinoma
with radioiodine. Clin. Radiol. 18:113–125.

4. Varma, V.M., W.H. Beierwaltes, M.M. Nofal, R.H. Nishiyama, and J.E.
Copp. 1970. Treatment of thyroid cancer: death rates after surgery and after
surgery followed by sodium iodide I131. J. Am. Med. Assoc. 214:1437–1442.

5. Leeper, R.D. 1973. The effect of 131I therapy on survival of patients with
metastatic papillary or follicular thyroid carcinoma. J. Clin. Endocrinol. Metab.
36:1143–1152.

6. Maxon, H.R., S.R. Thomas, V.S. Hertzberg, J.G. Kereiakes, I.W. Chen,
B.S. Sperling, and E.L. Saenger. 1983. Relation between effective radiation
dose and outcome of radioiodine therapy for thyroid cancer. N. Engl. J. Med.
309:937–941.

7. Crile, G., Jr. 1971. Changing end results in patients with papillary carci-
noma of the thyroid. Surg. Gynecol. Obstet. 132:460–468.

8. Edmonds, C.J., S. Hayes, J.C. Kermode, and B.D. Thompson. 1977. Mea-
surement of serum TSH and thyroid hormones in the management of treatment
of thyroid carcinoma with radioiodine. Br. J. Radiol. 50:799–807.

9. Charkes, N.D. 1986. Thyroid and whole-body imaging. In Werner’s the
Thyroid. S.H. Ingbar and L.E. Braverman, editors. Lippincott, Philadelphia.
458–478.

10. Dobyns, B.M., and G. Bertozzi. 1970. Identification of cold thyroid le-
sions at operation and its place in the surgical management of carcinoma of the
thyroid. Ann. Surg. 172:703–710.

11. Goldman, J.M., B.R. Line, R.L. Aamodt, and J. Robbins. 1980. Influ-
ence of triiodothyronine withdrawal time on 131I uptake postthyroidectomy for

thyroid cancer. J. Clin. Endocrinol. Metab. 50:734–739.
12. Schlumberger, M., P. Charbord, P. Fragu, P. Gardet, J. Lumbroso, C.

Parmentier, and M. Tubiana. 1983. Relationship between thyrotropin stimula-
tion and radioiodine uptake in lung metastases of differentiated thyroid carci-
noma. J. Clin. Endocrinol. Metab. 57:148–151.

13. Dai, G., O. Levy, and N. Carrasco. 1996. Cloning and characterization
of the thyroid iodide transporter. Nature. 379:458–460.

14. Smanik, P.A., Q. Lie, T.L. Furminger, K. Ryu, S. Xing, E.L. Mazzaferri,
and S.M. Jhiang. 1996. Cloning of the human sodium iodide symporter. Bio-
chem. Biophys. Res. Commun. 226:339–345.

15. Saito, T., T. Endo, A. Kawaguchi, M. Ikeda, M. Nakazato, T. Kogai, and
T. Onaya. 1997. Increased expression of the Na1/I2 symporter in cultured hu-
man thyroid cells exposed to thyrotropin and in Graves’ thyroid tissue. J. Clin.
Endocrinol. Metab. 82:3331–3336.

16. Kogai, T., T. Endo, T. Saito, A. Miyazaki, A. Kawaguchi, and T. Onaya.
1997. Regulation by thyroid-stimulating hormone of sodium/iodide symporter
gene expression and protein levels in FRTL-5 cells. Endocrinology. 138:2227–
2232.

17. Endo, T., T. Kogai, M. Nakazato, T. Saito, M. Kaneshige, and T. Onaya.
1996. Autoantibody against Na1/I2 symporter in the sera of patients with au-
toimmune thyroid disease. Biochem. Biophys. Res. Commun. 224:92–95.

18. Endo, T., M. Kaneshige, M. Nakazato, T. Kogai, T. Saito, and T. Onaya.
1996. Autoantibody against thyroid iodide transporter in the sera from patients
with Hashimoto’s thyroiditis possesses iodide transport inhibitory activity. Bio-
chem. Biophys. Res. Commun. 228:199–202.

19. Roger, P., M. Taton, J. Van Sande, and J.E. Dumont. 1988. Mitogenic
effects of thyrotropin and adenosine 39,59-monophosphate in differentiated
normal human thyroid cells in vitro. J. Clin. Endocrinol. Metab. 66:1158–1165.

20. Kraiem, Z., O. Sadeh, and M. Yosef. 1991. Iodide uptake and organifi-
cation, triiodothyronine secretion, cyclic AMP accumulation, and cell prolifera-
tion in an optimized system of human thyroid follicles cultured in collagen gel
suspended in serum-free medium. J. Endocrinol. 131:499–506.

21. Levy, O., G. Dai, C. Riedel, C.S. Ginter, E.M. Paul, A.N. Lebowitz, and
N. Carrasco. 1997. Characterization of the thyroid Na1/I2 symporter with an
anti-COOH terminus antibody. Proc. Natl. Acad. Sci. USA. 94:5568–5573.

22. Paire, A., F. Bernier-Valentin, S. Selmi-Ruby, and B. Rousset. 1997.
Characterization of the rat thyroid iodide transporter using anti-peptide anti-
bodies. J. Biol. Chem. 272:18245–18249.

23. Smanik, P.A., K.Y. Ryu, K.S. Theil, E.L. Mazzaferri, and S.M. Jhiang.
1997. Expression, exon-intron organization, and chromosome mapping of hu-
man sodium iodide symporter. Endocrinology. 138:3555–3558.

24. Field, J.B., G. Bloom, M.C.Y. Chou, M.E. Kerins, P.R. Larsen, M. Ko-
tani, T. Kariya, and A. Dekker. 1978. Effects of thyroid-stimulating hormone
on human thyroid carcinoma and adjacent normal tissue. J. Clin. Endocrinol.
Metab. 47:1052–1058.

25. Carayon, P., C. Thomas-Morvan, E. Castanas, and M. Tubiana. 1980.
Human thyroid cancer: membrane thyrotropin binding and adenylate cyclase
activity. J. Clin. Endocrinol. Metab. 51:915–920.

26. Arcangeli, P., R. Toccafondi, C.M. Rotella, S. Aterini, A. Tanini, D.
Borelli, and L. Loddi. 1981. Dissociation in the response of the adenylate cy-
clase system to thyrotropin and prostaglandin E2 in human thyroid carcinoma
tissue. Cancer. 48:757–761.

27. Levy, O., C.S. Ginter, A. De la Vieja, G. Dai, C. Riedel, and N.
Carrasco. 1997. N-linked glycosylation of the thyroid Na1/I2 symporter (NIS).
Thyroid. 7(Suppl. 1):S-22. (Abstr.)

28. Simon, D., J. Koehrle, C. Schmutzler, K. Mainz, C. Reiners, and H.D.
Roeher. 1996. Redifferentiation therapy of differentiated thyroid carcinoma
with retinoic acid: basic and first clinical results. Exp. Clin. Endocrinol. Diabe-
tes. 104:13–15.

29. Morris, J.C., C.K. Kim, M.L. Padilla, and J.I. Mechanick. 1997. Conver-
sion of non-iodine-concentrating differentiated thyroid carcinoma metastasis
into iodine-concentrating foci after anticancer chemotherapy. Thyroid. 7:63–66.

30. Kaminsky, S.M., O. Levy, C. Salvador, G. Dai, and N. Carrasco. 1994.
Na1-I2 symport activity is present in membrane vesicles from thyrotropin-
deprived non-I2-transporting cultured thyroid cells. Proc. Natl. Acad. Sci. USA.
91:3789–3793.

31. Ichikawa, Y., E. Saito, Y. Abe, M. Homma, T. Muraki, and K. Ito. 1976.
Presence of TSH receptor in thyroid neoplasms. J. Clin. Endocrinol. Metab. 42:
395–398.

32. Abe, Y., Y. Ichikawa, M. Homma, K. Ito, and T. Mimura. 1977. TSH re-
ceptor and adenylate cyclase in undifferentiated thyroid carcinoma. Lancet. 2:506.

33. Takahashi, H., N.S. Jiang, C.A. Gorman, and C.Y. Lee. 1978. Thyrotro-
pin receptors in normal and pathological human thyroid tissues. J. Clin. Endo-
crinol. Metab. 47:870–876.

34. Ohta, K., T. Endo, and T. Onaya. 1991. The mRNA levels of thyrotro-
pin receptor, thyroglobulin, and thyroid peroxidase in neoplastic human thy-
roid tissues. Biochem. Biophys. Res. Commun. 174:1148–1153.


