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Abstract
Purpose The expression of glucose transporter-1 (Glut-1)
gene and those of major thyroid-specific genes were examined
in papillary carcinoma tissues, and the expressions of these
genes were compared with cancer differentiation grades.
Materials and Methods Twenty-four human papillary carci-
noma tissues were included in this study. The expressions of
Glut-1- and thyroid-specific genes [sodium/iodide symporter
(NIS), thyroid peroxidase, thyroglobulin, TSH receptor and

pendrin] were analyzed by RT-PCR. Expression levels were
expressed as ratios versus the expression of beta-actin. Path-
ologic differentiation of papillary carcinoma was classified
into a relatively well-differentiated group (n=13) and relative-
ly less differentiated group (n=11).
Results Glut-1 gene expression was significantly higher in the
less differentiated group (0.66±0.04) than in the well-
differentiated group (0.59±0.07). The expression levels of the
NIS, PD and TG genes were significantly higher in the well-
differentiated group (NIS: 0.67±0.20, PD: 0.65±0.21, TG:
0.74±0.16) than in the less differentiated group (NIS: 0.36±
0.05, PD: 0.49±0.08, TG: 0.60±0.11), respectively. A signifi-
cant negative correlation was found between Glut-1 and NIS
expression, and positive correlations were found between NIS
and TG, and between NIS and PD.
Conclusion The NIS, PD and TG genes were highly ex-
pressed in well-differentiated thyroid carcinomas, whereas
the Glut-1 gene was highly expressed in less differentiated
thyroid carcinomas. These findings provide a molecular ratio-
nale for the management of papillary carcinoma, especially in
the selection of FDG PETor radioiodine whole-body scan and
I-131-based therapy.
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Introduction

Iodide enters the thyroid follicular cells via a specific sodium-
dependent transporter, the sodium/iodide symporter (NIS),
which is located on the basolateral cell membrane. Cellular
iodine accumulation is also regulated by thyrotropin receptor
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(TSH-R), which represents a crucial and rate-limiting step in
the biosynthesis of thyroid hormone. Moreover, iodine is
incorporated into thyroid hormones through a series of meta-
bolic steps that include the proteins pendrin (PD), thyroid
peroxidase (TPO) and thyroglobulin (TG) [1], and these pro-
teins are regarded as differentiation markers of thyroid follic-
ular cells. A defective iodide-trapping mechanism due to
reduced NIS expression appears to be an early and consistent
feature of the oncogenic transformation of thyroid cells, and
other changes in the expressions of thyroid-specific markers
(TG, TPO, TSH-R, PD) have also been variably associated
with neoplastic transformation [2].

Cancer cells demonstrate increased glucose uptake and
utilization, which may be caused by the overexpression of
glucose transporters and increased activity of glycolytic en-
zymes. Of these, glucose transporter-1 (Glut-1) appears to be
mainly involved in the oncogenesis of manymalignant tumors
including thyroid cancer [3, 4]. Glut-1 overexpression has
been founded to be expressed in malignant thyroid tumors
[4–6] with respect to benign tumors, but a role in carcinogen-
esis has not been postulated.

Several nuclear medicine imaging modalities have been
used to detect recurrent and metastatic differentiated thyroid
cancers postoperatively. Radioiodine whole-body scans have
been widely used for more than 60 years, but recently, F-18
fluorodeoxyglucose (FDG) PET has emerged as a new valu-
able imaging method for thyroid cancer. In particular, FDG
PET imaging is considered useful for the detection of recur-
rent or metastatic cancer in patients with negative radioiodine
scans [7, 8]. The expressions of NIS and Glut-1 are related to
the accumulation of radioiodine and F-18 FDG in thyroid
cancer cells [9–11], and the expressions of these genes may
provide a molecular biologic basis for these image modalities.
However, to the best of our knowledge, only one report [12]
has been issued on the relationships between the expressions
of Glut-1 and NIS or other thyroid-specific genes in differen-
tiated thyroid cancer. Thus, we investigated the expressions of
Glut-1 and major thyroid-specific genes in human papillary
carcinoma tissues, and compared their expressions with can-
cer differentiation grades.

Materials and Methods

Thyroid Samples

All tissues were obtained during thyroid surgery at Seoul
National University Hospital. The protocol for the current
study was reviewed and approved by the institutional review
board of Seoul National University Hospital. Tissues were
immediately frozen and stored at −70 °C until required. Pap-
illary carcinomas were defined using the pathologic criteria
described by theWorld Health Organization (WHO) [13]. The

tissues of 24 papillary carcinoma cases were included in this
study. The expressions of Glut-1 and five thyroid-specific
genes (NIS, TPO, TG, TSH-R and PD) were analyzed by
RT-PCR.

Histopathologic Evaluation

Histologic slides were reviewed by two pathologists unaware
of the clinical data. Histologic patterns of the papillary carci-
nomas were classified into two groups: (1) a relatively well-
differentiated group and (2) relatively less differentiated
group. The relatively well-differentiated group had cytologic
features as follows: well-formed dendritical papillae or broad
papillae with a fibrovascular core, and typical features includ-
ing a nuclear groove, pseudo-inclusion and empty appearance
[13]. The relatively well-differentiated group occasionally

Fig. 1 Representative photomicrographs of relatively well-differentiated
(a) and relatively less differentiated (b) papillary thyroid cancer (H&E,
×200). In relatively well-differentiated cancer, well-developed papillary
structures with a fibrovascular core, typical nuclear features and scant
cytoplasm were observed. In relatively less differentiated cancer, trabec-
ular or tubular growth patterns with prominent tumor cell oxyphilic
changes were observed
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contained follicular arrangements or a focal solid pattern
(Fig. 1a). On the other hand, although the relatively less
differentiated group also had the typical nuclei of papillary
carcinoma, group members were characterized by trabecular,
diffusely follicular or diffusely sclerosing features in compar-
ison with the relatively well-differentiated group. Tumor cells
of the relatively less differentiated group frequently showed
oxyphilic change (oxyphilic or columnar cells with abundant
eosinophilic cytoplasm), accompanied with/without nuclear
atypia (Fig. 1b).

RNA Extraction and RT-PCR

Total cellular RNA was obtained from microdissected snap-
frozen tissues by phenol–guanidine–isothiocyanate extraction
using Trizol kits (Gibco BRL, Gaithersburg, MD). The purity
of total RNAwas assessed using the ratio of optical densities
at 260 and 280 nm and by the absence of contaminating DNA
bands by agarose electrophoresis. cDNA synthesis was per-
formed using 1 μg of total RNA, 20 pmol of oligo dT primer
and 200 U of recombinant Maloney-murine leukemia virus
reverse transcriptase (Clontech Inc., Palo Alto, CA), as
instructed by the manufacturer. Oligonucleotide primers, in-
cluding those of β-actin cDNA [14], and the conditions used
for amplifying NIS cDNA, TG cDNA [15], TPO cDNA [16],
TSH-R cDNA [17], PD [18] and Glut-1 cDNA are shown in

Tables 1 and 2. RT-PCR products were observed in 1.4 %
agarose gel stained with ethidium bromide. The bands on
positive film were scanned by densitometry, and the densities
and widths were determined by Tina2.1 software (Raytest,
Straubengardt, Germany) to calculate product expressions
versus β-actin. Negative PCR controls contained the respec-
tive primers without cDNA.

Statistical Methods

Statistical analysis of mRNA expression levels was performed
using the unpaired Student’s t-test. Relationships between
expression profiles were investigated using Spearman’s rank
order correlation coefficients. P values of <0.05 were consid-
ered statistically significant.

Results

Grade of Differentiation

Of the 24 papillary carcinoma tissue samples, 13 were allo-
cated to the relatively well-differentiated group and 11 to the
relatively less differentiated group.

Table 1 Primers in PCR

Sequence (sense) Position of primer
in cDNA

sequence (antisense) Position of primer
in cDNA

Product (bp)

NIS TCTCTCAGTCAACGCCTCT 1802-1820 ATCCAGGATGGCCACTTCTT 2080-2099 297

TG GGCTAATGCTACATGTCCTG 5316-5335 GCTTCTGTTGGAGATGCTGG 5527-5546 230

TPO GTCTGTCACGCTGGTTATGG 110-129 CAATCACTCCGCTTGTTGGC 332-351 241

TSH-R TGAAGCTGTACAACAACGGC 589-608 TCAGTTCCTTCAGGTGCTCC 782-801 212

Pendrin CACAGTTGGATTTGATGCCATT
AGAGTA

1928-1955 TACGCATAGCCTCATCCTGGA
CATC

2529-2553 625

Glut-1 TACCCTGGATGTCCTATCTG 1261-1280 CACACAGTTGCTCCACATAC 1448-1467 206

N-ras CAAGTGGTTATAGATGGTGA 127-146 AGGAAGCCTTCGCCTGTCCT 217-236 109

β-actin TGACGGGGTCACCCACACTGT
GCCCATCTA

541-570 GAAGCATTTGCGGTGGACGA
TGGAGGG

1172-1198 657

Table 2 PCR amplification conditions

hNIS TPO/TG TSH-R PD Glut-1

Early denaturation 95 °C (10 min) 94 °C (10 min) 95 °C (10 min) 95 °C (10 min) 95 °C (10 min)

Denaturation 95 °C (30 s) 95 °C (30 s) 95 °C (30 s) 95 °C (30 s) 95 °C (30 s)

Annealing 47 °C (30 s) 57 °C (30 s) 54 °C (30 s) 50 °C (30 s) 54 °C (30 s)

Extension 72 °C (30 s) 72 °C (30 s) 72 °C (30 s) 72 °C (30 s) 72 °C (1 min)

Final extension 72 °C (10 min) 72 °C (10 min) 72 °C (10 min) 72 °C (10 min) 72 °C (7 min)

Cycles 30 cycles 35 cycles 35 cycles 30 cycles 30 cycles
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Patterns of mRNA Expression

Totally, no Glut-1 expression was observed in one case and no
NIS mRNA expression in two cases. The other thyroid-
specific genes (TG, TPO, TSH–R and PD) were expressed
in all cases (Fig. 2a, 2B).

The expressions of the PCR products of NIS, TG, TPO, TSH-
R, PD and Glut-1 mRNAs in the relatively well-differentiated

and relatively less differentiated groups are shown in Table 3. A
wide range of variability was observed between two groups. The
expression level of NIS, TG and PDwere higher in the relatively
well-differentiated group than in the relatively less differentiated
group. On the contrary, the relatively well-differentiated group
presented lower level of Glut-1 expression (Table 3). A remark-
able difference was observed for NIS and Glut-1 mRNA expres-
sions, NIS was more expressed in the relatively well-
differentiated group (Fig. 3), and Glut-1 mRNA was more
expressed in the relatively less differentiated group, respectively
(Fig. 4).

Correlation of Gene Expression Levels

A significant negative correlation was observed between NIS
and Glut-1 gene expression (r=−0.60, p<0.01) (Fig. 5a). Of
the thyroid-specific genes, significant positive correlations
were found between NIS and TG (r=0.52, p<0.05) (Fig. 5b)
and NIS and PD (r=0.77, p<0.05) (Fig 5c).

Discussion

Radioiodine whole-body scans and I-131 therapy have been
widely used to manage patients with differentiated thyroid
cancer. However, the ability of thyroid cancer cells to concen-
trate iodide is dependent upon the functional integrity of NIS
[8]. Although most differentiated thyroid cancers retain this
iodide-concentrating ability, some cancers are incapable of
concentrating iodide, which renders them nonsensitive to I-
131 therapy and reduces response to therapy [19]. Cartro
et al. [20] determined NIS expression at the protein levels by
immunohistochemical staining in primary thyroid tumors and
found a relation between radioiodine uptake in known metasta-
tic disease and NIS expression in individual patients. In a
previous study, we evaluated NIS protein expression by immu-
nostaining in primary thyroid tumors and found that patients

Fig. 2 RT-PCR image of each gene in relatively well-differentiated (a)
and relatively less differentiated (b) papillary carcinoma

Table 3 The expression ratios of
Glut-1 and thyroid-specific genes
versus beta-actin gene in relative-
ly well-differentiated and rela-
tively less differentiated groups

Mean (SD); median [minimum-
maximum]. Results are expressed
as a ratio of the beta-actin, n:
number of samples

*Statistically significant

Well-differentiated group (n=13) Less differentiated group (n=11) P value (paired t-test)

NIS 0.67 (0.20) 0.36(0.05) *0.0001
0.78 [0.30-0.87] 0.36[0.31-0.45]

TG 0.74 (0.16) 0.60 (0.11) *0.039
0.71 [0.56-0.99] 0.65 [0.42-0.75]

TPO 0.56 (0.18) 0.49 (0.18) 0.44
0.58 [0.22-0.89] 0.47 [0.28-0.87]

TSH-R 0.48 (0.27) 0.39 (0.20) 0.13
0.32 [0.16-0.84] 0.23 [0.13-0.73]

PD 0.65 (0.21) 0.49 (0.08) *0.036
0.69 [0.34-0.94] 0.44 [0.43-0.68]

Glut-1 0.59 (0.07) 0.66 (0.04) *0.0027
0.57 [0.49-0.71] 0.67 [0.59-0.72]
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positive for NIS expression responded to I-131 therapy better
than those negative for NIS [21].

In the present study, the NIS gene was found to be
expressed in all but two cases, and its gene expression was
higher in the relatively well-differentiated group than in the
relatively less differentiated group. Several investigators have
reported lowNIS gene and protein expression in differentiated
thyroid cancers [12, 20, 22–24], and others that papillary
cancer tissues display markedly lower and restricted ranges
of NIS mRNA expression than normal tissues [12, 20]. Ward
et al. [23] identified that patients with papillary thyroid cancer
who experienced early recurrence and/or metastasis showed
low levels of NIS mRNA expression in the primary tumor.
This findingmay support our observation that gene expression

was higher in the relatively well-differentiated group than in
the relatively less differentiated group.

The synthesis of thyroid hormones in TG molecules re-
quires a complex set of reactions. The iodide ion is first
transported across the thyrocyte membrane by NIS and then
crosses the apical membrane by a PD to reach the follicular
colloid, where iodide organification and coupling take place to

Fig. 3 Expression level of the NIS gene in relatively well-differentiated
and relatively less differentiated papillary carcinoma

Fig. 4 Expression level of the Glut-1 gene in relatively well-differenti-
ated and relatively less differentiated papillary carcinoma

Fig. 5 Correlations of the gene expressions of NIS and Glut-1 (a), NIS
and TG (b), and NIS and PD (c)
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form the thyroid hormones. These reactions are catalyzed by
TPO under oxidative conditions [1]. In differentiated thyroid
cancer cells, multiple defects occur in this machinery, which
prevent successful thyroid hormone synthesis [2].

In the present study, we found that the TG, TPO, TSH-R
and PD genes were expressed in all samples and that their
expression levels declined as dedifferentiation progressed.
Gerard et al. [24] reported high TG and TSH-R protein ex-
pression in thyroid cancers, and low or absent PD and TPO
protein expression in papillary carcinomas. Arturi et al. [25]
demonstrated that PD expression is reduced or absent in
differentiated thyroid cancer tissues, whereas Tanaka et al.
[26] reported the presence of TPO gene expression in all
thyroid cancer tissues. These minor discrepancies may be
due to differences in gene expression and protein synthesis
or to a difference in RT-PCR primer cDNA. Lazar et al. [12]
observed that NIS gene expression in thyroid carcinomas is
markedly more reduced than those of the TG and TPO genes
and that TSH-R expression is significantly reduced in only
some carcinomas. They also found positive relationships be-
tween the expressional levels of the NIS, TPO, TG and TSH-
R genes, which is concordant with our findings. We found
positive correlations between the expressions of NIS and TG,
and between NIS and PD. Theoretically, the expressions of
these thyroid-specific genes would decline according to the
thyroid carcinoma dedifferentiation level.

A small number of studies has been performed on the
expression of the Glut-1 gene in thyroid carcinoma. Some
investigators found increased Glut-1 expression in thyroid
cancer [4, 6], and Schonberger et al. [5] showed that Glut-1
protein expression in the cell membrane is closely related to
the thyroid neoplasm grade of malignancy. In the present
study, we found Glut-1 expression in all papillary cancers
except one. Moreover, the expression of the Glut-1 gene was
found to be low in the relatively well-differentiated group
compared to the relatively less differentiated group, and a
negative correlation was observed between the expression of
Glut-1 and NIS. These findings explain the well-recognized
phenomenon of “flip-flop” in FDG PET and radioiodine
whole-body scans and its dependence on the differentiation
of thyroid cancer [27, 28]. Clinically, it is well known that
FDG PET imaging has an advantage in the detection of
recurrent or metastatic cancer in patients who have negative
radioiodine scans and that PETmay fail to localize tumor sites
in patients with a differentiated thyroid cancer that retains
iodine metabolic activity [7, 8].

In this study, papillary carcinomas were allocated to the
“relatively well-differentiated” or “relatively less differentiat-
ed” groups. Classic and papillary carcinoma variants have
been found to be related to prognosis. A few like the tall cell
and dedifferentiated variants are recognized to be aggressive
as compared with classical differentiated papillary carcinomas
[29, 30]. In addition, relatively poor prognosis of histological

subtypes, such as the oxyphilic and diffuse sclerosing types,
has been suggested [31, 32]. Our relatively less differentiated
group contained these subtypes associated with a poor prog-
nosis, as both overall architecture in low-power microscopic
fields and cytologic features were considered when allocating
cases to groups. The high expression of Glut-1 and the low
expression of NIS observed in the relatively less differentiated
group in the present study support the validity of the patho-
logic classification used.

Conclusion

Whereas, the NIS and PD genes were highly expressed in
relatively well-differentiated papillary thyroid carcinomas,
Glut-1 gene expression was highly expressed in relatively less
differentiated thyroid carcinomas. These findings provide a
molecular rationale for the management of papillary carcino-
ma, especially with respect to the selection of FDG PET or
radioiodine whole-body scans and I-131-based therapy.
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