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Altered expression of the gene encoding the sodium
iodine symporter (NIS) may be an important factor
that leads to the reduced iodine accumulation char-
acteristic of most benign and malignant thyroid
nodules. Both up- and down-regulation of NIS gene
expression have been reported in thyroid cancer
using several different methods. The goal of the
present study was to accurately identify alterations
in NIS gene expression in benign and malignant
thyroid nodules using an accurate real-time quan-
titative RT-PCR assay system. Total RNA was pre-
pared from 18 benign thyroid nodules, 20 papillary
thyroid cancers, and 23 normal thyroid samples
from 38 subjects. Quantitative RT-PCR was used to
measure NIS and thyroglobulin (TG) mRNA expres-
sion in normal thyroid tissue and in each nodular
tissue sample.Papillary thyroid cancer samples had
significantly lower NIS mRNA expression (72 6 41
picogram equivalents [pg Eq]), than did benign nod-
ules (829 6 385 pg Eq), or normal tissues (1907 6
868 pg Eq, P 5 0.04). Most important, in the paired
samples, NIS gene expression was decreased in each
papillary thyroid cancer compared with normal tis-
sue (69% median decrease; range, 40–96%; P 5
.013). Eleven of the 12 benign nodules also demon-
strated lower NIS gene expression than the normal
tissue (49% decrease; range, 2–96%; P 5 .04). Anal-
ysis of the paired samples demonstrated that Tg
mRNA expression was significantly lower in each of

the thyroid cancer samples than in corresponding
normal tissue (759 6 245 pg Eq vs. 1854 6 542 pg
Eq, P 5 .03). We have demonstrated a significant
decrement in NIS gene expression in all papillary
thyroid cancers and in over 90% of benign nodules
examined compared with adjacent normal thyroid
tissue, using a highly accurate quantitative RT-PCR
technique. Similarly, thyroid cancers demonstrated
significantly lower TG mRNA expression than cor-
responding normal thyroid. Reduced NIS expres-
sion may be an important factor in the impairment
of iodine-concentrating ability of neoplastic thyroid
tissues.
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Although the presence of a functional iodine trans-
port protein on the basolateral membrane of thy-
roid follicular cells has been demonstrated using
both in vitro and in vivo systems for many years,
the precise molecular structure of the sodium io-
dide symporter (NIS) was only recently character-
ized (1, 2). Cloning of the cDNA for NIS and devel-
opment of anti-NIS antibodies has permitted
investigation of factors that influence NIS expres-
sion and function at both the mRNA and protein
level (3–14).

In addition to the numerous studies evaluating
NIS gene expression in cell culture and animal
models (3, 6, 15–18), several investigators have ex-
amined human clinical thyroid tissue samples ob-
tained at the time of thyroidectomy (4, 8, 9, 17, 19,
20). As expected, an increase in NIS expression has
been demonstrated in thyroid glands obtained
from patients with Graves’ disease and in autono-
mously functioning thyroid nodules (4, 8, 9, 17, 19,
20). Moreover, recent studies have confirmed that
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NIS gene expression is generally lower in nonfunc-
tioning benign thyroid nodules than in surrounding
normal thyroid tissue (4). However, the level of NIS
expression in malignant thyroid nodules is less
certain.

Saito et al. (21) reported increased NIS mRNA
expression in papillary thyroid cancer specimens
compared with normal thyroid samples by North-
ern blot analysis. Significantly, in this particular
patient population, NIS mRNA expression was
higher in the papillary thyroid cancer samples than
in adjacent normal thyroid obtained from the same
individual in three of four cases. However, these
data have not been replicated in several other small
studies in which a variety of methods were used to
analyze expression of NIS protein or mRNA (5, 8,
19, 22, 23).

Specifically, reduced immunohistochemical stain-
ing for NIS protein in papillary cancer samples was
seen by both Jhiang et al. (8) and Calliou et al. (19)
using two different anti-NIS antibodies. In addition,
Smanik et al. (22) reported decreased NIS mRNA ex-
pression by Northern blot and by nonquantitative
reverse-transcription polymerase chain reaction (RT-
PCR) in two papillary thyroid cancers.

Ryu et al. developed a competitive RT-PCR assay
to amplify and measure NIS mRNA levels from
eight papillary thyroid cancer samples (5). When
taken together, these papillary carcinomas ap-
peared to have lower NIS mRNA expression than
unpaired normal thyroid tissue, although this dif-
ference did not reach statistical significance. Signif-
icantly, analysis of three paired samples revealed
reduced NIS gene expression in the cancer tissues
compared with adjacent normal thyroid tissue, re-
sults that are disparate from those reported by Saito
et al. (21).

Lazar et al. (23) published results of a real-time
quantitative RT-PCR assay for NIS mRNA in which
they examined 38 papillary thyroid cancer samples
(five paired samples). Overall, the thyroid cancer
specimens demonstrated a decrease in NIS expres-
sion compared with unpaired normal thyroid tissue
(median decline, 100-fold; range, 10- to 1200-fold
reduction). However, the importance of studying
paired samples is exemplified by three subjects in
whom the NIS mRNA levels in the thyroid cancer
were lower than that of the adjacent normal tissue
but overlapped significantly with the levels seen in
unpaired normal thyroid tissue.

Lazar et al. (23) extended the analysis to include
other thyroid-specific transcripts, such as thyroid
peroxidase (TPO), TSH receptor (TSH-R), and thy-
roglobulin (TG). A decrease in both TSH-R and TG
was seen in the thyroid cancer samples compared
with the case of unmatched normal thyroid tissues
(n 5 5). In thyroid cancer tissues, a positive corre-
lation was found between expression of NIS, TPO,

TG, and TSH receptor mRNAs. No significant dif-
ferences in TG, TPO, or TSH-R expression were
seen between the normal thyroid samples and be-
nign nodular thyroid tissue. These findings are con-
sistent with previous reports that have examined
thyroid-specific transcript expression in thyroid tu-
mors using immunohistochemistry or RT-PCR
(24 –26).

A recent study by Park et al. (27) examined NIS,
TG, and TSH-R expression in 23 cases of papillary
thyroid carcinomas and 5 unpaired normal thyroid
tissues. Using semiquantitative RT-PCR and RNase
protection assay, NIS expression varied from unde-
tectable to abundantly present and appeared to be
lower in thyroid cancer samples than in the normal
control thyroid tissues. In thyroid cancer samples,
NIS expression was significantly correlated with
TSH-R expression but not with TG expression. In-
terestingly, no correlation in NIS mRNA expression
was seen in seven paired samples of primary tumor
and lymph node metastases.

Our objective was to use real-time, quantitative
RT-PCR to accurately determine NIS and TG mRNA
levels in normal, benign, and malignant thyroid
tissue in a larger number of subjects in whom both
nodular and normal tissue were available.

MATERIALS AND METHODS

Thyroid Samples
Thyroid samples from both the index nodule and

grossly normal-appearing thyroid tissue surround-
ing the nodule were obtained at the time of clini-
cally indicated thyroidectomy after obtaining in-
formed consent under a protocol approved by the
human use institutional review board of the Walter
Reed Army Medical Center, Washington, DC. Selec-
tion of appropriate tissue for snap freezing was
based on frozen-section analysis of the nodule and
of normal tissue at the time of tissue collection. All
benign and malignant nodule samples contained at
least 75% neoplastic cells. These samples included
18 benign nodules, 20 papillary thyroid cancers,
and corresponding paired normal tissues in 23 of
these subjects.

Histologically verified normal thyroid tissue was
obtained from a clinically euthyroid subject under-
going thyroidectomy for a solitary benign thyroid
nodule after obtaining informed consent. Total
RNA extracted from this sample was used to pre-
pare a standard curve against which all unknown
samples were compared.

RNA Extraction
Each sample was snap frozen in liquid nitrogen

within 15 minutes of collection and stored at 270°C
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pending RNA recovery. Total RNA was recovered
using TRIzol extraction according to the manufac-
turer’s suggested protocol (Gibco BRL, Life Tech-
nologies, Gaithersburg, MD).

Assay Quantitation
A standard concentration curve was prepared

from a single normal thyroid immediately frozen in
liquid nitrogen at the time of thyroidectomy as
previously described (28). RNA was extracted as
described above and quantified by absorptiometry
(Beckman DU 65 Spectrophotometer, Fullerton,
CA). Dilutions were made to produce a calibration
curve ranging from 0.08 to 50 ng of total thyroid
RNA per tube. NIS and TG mRNA were amplified
for each of the standards using the reaction condi-
tions described below.

RT-PCR standard curves were created using the
threshold cycle, defined as the point at which each
reaction reaches the logarithmic portion of the PCR
curve. The cycle number at which a reaction
reaches this point in the curve is directly propor-
tional to the amount of cDNA template in the PCR
reaction. Thus, this relationship allows for the cre-
ation of linear calibration curves over a wide con-
centration range. Standards and subject samples
were assayed in duplicate.

cDNA Synthesis
For each transcript of interest, 500 ng of total

RNA were reverse transcribed to cDNA using ran-
dom hexamer primers per the manufacturer’s rec-
ommendations (ABI, Foster City, CA) in a total vol-
ume of 10 mL. Final reaction concentrations were as
follows: 13 TaqMan buffer, 5.5 mmol/L MgCl, 500
mmol/L each dNTP, 2.5 mmol/L random hexamer,
0.4 U/mL (400 kU/L) RNase inhibitor, 1.25 U/mL
Multiscribe Reverse Transcriptase (1250 kU/L). Re-
verse transcription was performed at 37°C for 10
minutes, at 48°C for 30 minutes, and at 95°C for 5
minutes. The entire 10-mL aliquot of synthesized
cDNA served as template for PCR amplification.

Quantitative PCR
Quantitative RT-PCR was performed in 96-well

plates by using either TG- or NIS-specific primers and
probe with the ABI PRISM 7700 Sequence Detection
System. Intron-spanning NIS-specific primers were
designed to amplify a 141-bp product from bp 1267 to
bp 1407 in the cDNA sequence (GenBank accession
number U66088) as follows: sense, 5'-ACACTGACT-
GCGACCCTCTCCT-3'; antisense, 5'-TGCTGAGGGT-
GCCACTGTAA-3'. The sequence of the internal anti-
sense 23-mer oligoprobe was as follows: 5'-FAM-
CGAAGATCTGCCTGGAGTCCCCG-TAMRA-3' (bp
1346 –1368). Thyroglobulin-specific primers that

spanned a 1.5-kb intron were designed to amplify an
87-bp product from bp 262 to bp 348 in the cDNA
sequence as follows:

Sense, 5'-GTGCCAACGGCAGTGAAGT-3'; anti-
sense, 5'-TCTGCTGTTTCTGTAGCTGACAAA-3'; oli-
goprobe, 5'-FAM-ACAGACAAGCCACA GGCCGTC-
CT-TAMRA-3' (28). To identify amplification of any
contaminating genomic DNA, all PCR products
were visualized by agarose gel electrophoresis fol-
lowed by ethidium bromide staining.

Each sample was assayed in duplicate in a total
volume of 50 mL. Final reaction conditions were as
follows: 13 TaqMan buffer A; 0.5 g/L gelatin; 0.1
mL/L Tween 20; 80 mL/L glycerol; 5.5 mmol/L
MgCl; 200 mmol/L dATP, dCTP, and dGTP; 400
mmol/L dUTP; 200 nmol/L of each primer; 100
nmol/L TaqMan oligoprobe; 10 kU/L AmpErase
UNG; 25 kU/L AmpliTaq Gold. The cycling condi-
tions included an initial phase of 2 minutes at 50°C,
followed by 10 minutes at 95°C for AmpErase, then
40 cycles of 15 seconds each at 95°C, and 1 minute
at 60°C. Samples in which reverse transcriptase was
omitted or template were omitted were included in
each reaction to evaluate for assay contamination.

PCR Product Characterization
In addition to quantitative analysis using the ABI

PRISM 7700 Sequence Detection System (ABI, Fos-
ter City, CA), all RT-PCR products were analyzed by
electrophoresis through 3% agarose gels followed
by ethidium bromide staining to ensure amplifica-
tion of the appropriately sized product. To further
confirm the identity of the product, forward and
reverse strands of several of the RT-PCR products
were sequenced with the PRISM Ready Reaction
DyeDeoxy Terminator Cycle Sequencing Kit (PE/
ABI) using a denaturing gel of 4.75% acrylamide, 8.3
M urea, and 13 TBE (2500 V, 30°C, 10 h) on the
PE/ABI 373 DNA Sequencer.

Data Presentation and Statistical Analysis
Measured amounts of NIS and TG mRNA are

presented as picogram equivalents (pg Eq). One pg
Eq is equal to the amount of NIS (or TG) mRNA
present in 1 pg of total thyroid RNA obtained from
a single normal thyroid gland. Because the calibra-
tion curve was prepared from dilutions of known
amounts of total RNA from a normal thyroid, all
measured values can be expressed relative to the
amount of NIS (or TG) present in 1 pg of normal
thyroid RNA.

All data is expressed as mean 6 SEM. Differences
between multiple groups were analyzed using anal-
ysis of variance. Paired analysis was performed by
paired t-test analysis (SPSS; SPSS Inc, Chicago, IL).
A P value ,.05 was considered significant.
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RESULTS

Visualization and Confirmation of
RT-PCR Products

The appropriately sized 141-bp NIS and 87-bp TG
cDNA RT-PCR product was visible on agarose gel
electrophoresis for each standard concentration.
Sequencing of the PCR product confirmed the ex-
pected NIS or TG cDNA sequence as appropriate.
Visual inspection of the PCR products by gel elec-
trophoresis confirmed the appropriate approximate
size for each of the unknown samples. Negative
controls did not demonstrate amplified product.

Standard Curve
The standard curve of the duplicate assay values

demonstrated a strong linear relationship with r .
0.99 for each transcript (See Figure 1). The intra-
assay coefficient of variance for the threshold cycle
of the calibrators run in duplicate was consistently
,2%. Negative controls omitting either reverse
transcriptase or cDNA template consistently failed
to demonstrate detectable PCR product at 40
cycles.

NIS mRNA Expression
Results of NIS quantification for each of the in-

dividual samples are shown overlaid on the stan-
dard curve in Figure 1. Each sample had detectable
amounts of NIS mRNA ranging from 0.05 to 1100 pg
Eq of NIS mRNA per picogram of normal thyroid
RNA. The lowest value was seen in a papillary thy-
roid cancer sample that approached the lower lim-
its of reproducible detection in this assay.

As a group, papillary cancer specimens had strik-
ingly lower NIS mRNA levels than the unpaired

normal control nodules (77 vs. 1907 pg Eq, P 5 .04;
see Figure 2). NIS expression in benign nodules, at
826 pg Eq, was intermediate between the normal
tissue and the papillary cancers.

A surprisingly wide range of NIS mRNA expres-
sion was identified in both the normal samples (3.6
to 12,939 pg Eq) and the benign-nodule samples
(0.2 to 5486 pg Eq). The papillary cancer samples
displayed a much lower and more restricted range
of NIS mRNA expression (0.16 to 133 pg Eq). These
wide ranges resulted in considerable overlap be-
tween normal, benign, and papillary cancer sam-
ples among different subjects.

NIS Expression in Papillary Cancer
Paired Samples

We next analyzed NIS expression in the 11 thy-
roid cancer patients in whom samples from both
malignant and adjacent normal thyroid tissue were
available. In this paired-sample analysis, the nor-
mal tissue from the same patient serves as a control
for TSH level and other NIS regulatory factors. Each
of the 11 cancers showed a remarkable decrease in
NIS expression when compared with adjacent tis-
sue (mean decrease, 69%; range, 40 –96%, P 5 .013).
See Figure 3.

NIS Expression in Benign-Nodule
Paired Samples

A similar analysis was performed in 12 paired
samples from subjects with benign thyroid disease.
NIS expression was significantly lower in benign
nodules than in their corresponding normal tissue
(P 5 0.04; See Figure 4). However, two samples
showed a ,5% decrease, and one sample had a 95%
increase in NIS expression. Excluding the single
nodule with increased expression, the mean de-
crease in NIS expression was 49%, with a range of
2–96%. We suspect that the single nodule showing
increased NIS expression is likely to have been an

FIGURE 1. Calibration curve for sodium iodine symporter mRNA
(gray circles) overlaid with individual sample results (black circles)
using the TaqMan PCR analysis. The standard curve is generated by
plotting the log of the input amount of normal-thyroid RNA
(nanograms total-thyroid RNA, x axis) versus the threshold cycle (y axis)
as described in materials and methods.

FIGURE 2. Sodium iodine symporter (NIS) mRNA expression (in ng
Eq) was significantly higher in normal tissues (19076 868 picogram
equivalents [pg Eq] NIS), than in benign nodules (829 6 385 pg Eq
NIS), or papillary cancer specimens (72 6 41 pg Eq NIS, P 5 .04).
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autonomously functioning nodule, but no clinical
information was available on this patient.

TG mRNA Expression
Thyroglobulin was also detectable in each sample

and ranged from 2 to 38,700 pg Eq TG mRNA. In the
unpaired analysis, thyroglobulin expression was

similar in normal thyroid samples (1100 6 267 pg
Eq) and cancers (1106 6 190 pg Eq) and was some-
what higher in benign nodules (2618 6 267 pg Eq; P
5 .15 by ANOVA).

Analysis of the paired samples demonstrated that
Tg mRNA expression was significantly lower in each
of the thyroid cancer samples than in correspond-
ing normal tissue (759 6 245 pg Eq vs. 1854 6 542
pg Eq, P 5 .03).

Thyroglobulin mRNA expression was higher in
6/7 benign nodules than in the corresponding nor-
mal thyroid tissue, although this difference did not
achieve statistical significance (1800 6 375 pg Eq
for benign nodules vs. 1086 6 543 pg Eq for normal
thyroid tissue, P 5 .3).

As with NIS expression, a rather wide range of
values was seen in the normal thyroid tissue sam-
ples (13–3678 pg Eq) and in the benign nodules
(8 –17,300 pg Eq). Unlike NIS, the cancer samples
did not demonstrate a more narrow range of TG
values than normal tissue (2–2800 pg Eq).

Correlation of NIS and TG mRNA Expression
Because of the wide range of values for both NIS

and TG in the normal thyroid tissue and the benign
nodular tissue, we were concerned that a proce-
dural error resulting in degradation of the mRNA
could have falsely lowered some of our results. If
this were the case, subjects with the lowest levels of
NIS expression should also have the lowest levels of
TG expression. Samples demonstrating high TG lev-
els with low NIS levels (or the converse) would
argue against nonspecific RNA degradation being
responsible for the low-level transcript expression
seen in many of the samples.

The correlation of NIS and TG mRNA expression
is depicted in Figure 5. Although a statistically sig-
nificant correlation is present (r 5 0.57, P 5 .014), a
wide range of TG expression is seen with the lowest
levels of NIS expression. The highest NIS value
(12,939 pg Eq) is not shown on the graph but cor-
relates with a midrange TG value of 909 pg Eq.
Similarly, the highest level of TG expression (38,700
pg Eq) correlates with 4.4 pg Eq of NIS mRNA.

When examined based on thyroid histology,
there was no significant correlation between TG
and NIS expression in normal thyroid samples (r 5
0.32) or in benign nodules (r 5 0.17). There was a
strong trend toward a significant association be-
tween TG and NIS expression in the cancer samples
(r 5 0.77, P 5 .07).

DISCUSSION

In the present study, we have shown that NIS
mRNA expression is markedly reduced in papillary
thyroid cancer compared with adjacent normal thy-

FIGURE 3. Paired samples of normal tissue (black circles) and
papillary cancer samples (gray circles) from 11 individual subjects.
Sodium iodine symporter mRNA expression (log scale, y axis) is
significantly decreased in each of the papillary thyroid cancer
specimens relative to its normal control (69% decrease; range, 40 –96%;
P 5 .013).

FIGURE 4. Paired samples of normal tissue (black circles) and benign
thyroid nodules (gray circles) from 12 individual subjects. Eleven of the
12 benign nodules demonstrated less sodium iodine symporter (NIS)
expression (log scale, y axis) than the surrounding normal tissue (49%
decrease; range, 2–96%; P 5 .04). Two subjects demonstrated a ,5%
decrease in NIS mRNA expression (denoted by asterisks). One subject
demonstrated a 94% increase in NIS mRNA expression in the benign
nodule compared with its normal control tissue (open arrow).
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roid tissue when analyzed by quantitative RT-PCR.
The reduced levels of NIS gene expression were
demonstrated in all 12 papillary cancers evaluated,
suggesting a pattern that may be characteristic of
this type of cancer. These findings are consistent
with the results of smaller studies of paired samples
recently published (5, 23) but differ substantially
from the early report by Saito et al. (21). The rea-
sons for the differences in these findings are not
clear but may relate to sample preparation, use of
different techniques for quantitation, or to differ-
ences in tumor histology or infiltration of adjacent
thyroid tissue with lymphocytes.

Factors other than NIS gene expression could
also result in reduced iodine uptake and organifi-
cation in thyroid cancers. These include but are not
limited to loss of thyroid peroxidase activity or ex-
pression, altered processing or splicing of NIS pro-
tein, or improper membrane targeting of NIS. Thus,
a normal or elevated level of NIS mRNA may not
correlate with increased iodine uptake (particularly
in a malignancy); however, a reduction in expres-
sion of NIS mRNA or protein would likely correlate
with reduced iodine uptake.

NIS gene expression was also generally decreased
in benign thyroid nodules compared with adjacent
normal tissue, but to a lesser degree than the pap-
illary thyroid cancer tissue. The single benign nod-
ule with increased NIS expression relative to the
adjacent normal tissue may have represented an
autonomously functioning nodule, although clini-

cal information was not available. This conjecture is
consistent with the finding that benign nodules
with increased radioactive iodine concentration
have high levels of NIS mRNA expression (4). Be-
cause benign thyroid nodules are known to have a
wide range of radioactive iodine– concentrating
abilities relative to surrounding normal thyroid tissue
on nuclear medicine scans, it is not surprising that
NIS mRNA expression could range from increased
(hot nodules) to minimally decreased (warm nodules)
to markedly decreased (cold nodules).

Thyroglobulin mRNA was detectable in each of
the samples. Unpaired analysis demonstrated little
difference between normal thyroid tissue, nodular
thyroid tissue, and thyroid cancer. However, the
paired analysis clearly demonstrated a significant
decrease in TG expression in thyroid cancers com-
pared with corresponding normal thyroid tissue
(759 6 245 pg Eq vs. 1854 6 542 pg Eq, P 5 .03).
These findings are consistent with those reported
by quantitative RT-PCR, qualitative RT-PCR, and
immunohistochemical analysis (23–26).

The range of NIS mRNA expression was surpris-
ingly wide in our 23 normal samples (3.6 to 12,939
pg Eq). This range of NIS mRNA expression in our
group of 23 normal samples appears to be wider
than that reported previously using quantitative
RT-PCR. Ryu et al. (5) reported a range of 0.096 to
62 3 10221 mol NIS mRNA in 7 normal thyroid
samples examined. Similarly, Lazar et al. (23) dem-
onstrated only a one- to threefold difference rela-
tive to a single standard normal sample in the mea-
surement of NIS mRNA in five normal thyroid
samples. The reasons for these differences in the
variability of baseline NIS mRNA expression in nor-
mal thyroid tissue between these previous studies
and our current work is not certain. However, both
of these earlier studies examined only a small num-
ber of normal thyroid tissue samples compared
with the case of the present study.

The wide variability in NIS expression in normal
tissues could be due to several technical factors. Of
primary concern would be RNA degradation at
some point in the tissue collection, sample freezing,
fresh-frozen tissue storage, or in the RNA recovery
and amplification steps. The finding of a wide range
of TG values in samples with the lowest NIS mea-
surements argues strongly against a generalized
degradation of RNA in these samples (See Figure 5).
Because the TG and NIS messages appear to be
expressed in similar quantities, a significant degra-
dation of the NIS message without a concurrent
loss of TG message seems very unlikely. Therefore,
it appears that factors other than nonspecific deg-
radation of RNA must be responsible for the wide
range of NIS expression seen in the normal tissues.

Other possible technical reasons for the NIS re-
sults in the normal tissues could include differences

FIGURE 5. A significant correlation between thyroglobulin (TG) and
sodium iodine symporter (NIS) mRNA expression is seen when all
samples are analyzed (r 5 0.57, P 5 .014). Individual samples with TG
values from 0 to 5000 and NIS values from 0 to 1600 are shown in this
scatterplot. A wide range of TG expression (up to nearly 4000 picogram
equivalents [pg Eq]) is seen with the lowest levels of NIS expression.
The highest value of NIS (12,939 pg Eq) correlates with a TG of 909 pg
Eq (data point not shown on the graph). The highest level of TG
expression (38,700 pg Eq) correlates with 4.4 pg Eq of NIS mRNA (data
point not shown on the graph).
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in the length of time RNA was stored after recovery
as well as nonspecific amplification of contaminat-
ing DNA. RNA storage time is unlikely to account
for the variability of NIS mRNA expression because
all samples underwent RNA recovery at the same
time and were stored together at 270°C for ,2
months before RT-PCR analysis. Assay interference
with contaminating DNA would have been detected
as an inappropriately large intron-spanning PCR
product on the agarose gel electrophoresis. Fur-
thermore, DNAse treatment of several samples be-
fore RT-PCR analysis did not significantly affect the
amount of NIS mRNA detected. Thus, it is unlikely
that these specific technical issues affected the lev-
els of NIS mRNA.

The variability of NIS mRNA expression demon-
strated between different individuals may be re-
lated to differences in factors known to regulate NIS
gene expression, including circulating and local
concentrations of TSH, thyroid-stimulating immu-
noglobulins, cytokines, and iodine (3, 6, 17, 29).
Furthermore, because the radioactive iodine uptake
of these thyroid samples is not known, it is possible
that these “normal” samples may have contained
areas of autonomous function that may be associ-
ated with increased NIS expression. It is also pos-
sible that infiltration with nonNIS-expressing cells
such as lymphocytes was present in the regions of
normal tissue sampled from some individuals.

Although clinical records associated with these
thyroid samples are not available for review, it is
known that many of these patients were taking
thyroid hormone replacement at the time of sur-
gery. Some were on replacement doses for hypo-
thyroidism, others were on suppressive doses of
levothyroxine. Therefore, the NIS values we report
for “normal” tissues reflect the amount of NIS
present in grossly normal-appearing thyroid tissue
with varying levels of TSH stimulation. An accurate
assessment of NIS expression in “normal” thyroid
tissue would require specific knowledge of the cir-
culating TSH level at the time that a histologically
verified sample of normal tissue was obtained, along
with radioactive iodine imaging to rule out the pres-
ence of autonomous function. Because NIS expres-
sion is regulated by TSH, we would expect a much
narrower range of NIS expression in normal samples
exposed to similar levels of TSH stimulation.

Quantitative analysis of NIS and TG mRNA ex-
pression indicate that NIS is more influenced by
TSH or thyroid-stimulating immunoglobulins than
TG (23). Samples of hyperfunctioning thyroid
glands demonstrated a marked increase in NIS ex-
pression but no significant change in TG or TSH-R
expression within the same samples. Therefore, al-
terations in circulating TSH levels are likely to pro-
duce greater variations in NIS mRNA expression
than in other thyroid-specific transcripts.

This wide range of NIS mRNA expression in nor-
mal tissues limits the relevance of comparing levels
of NIS expression between groups of individuals. To
eliminate between-subject variability, it is critical to
compare NIS mRNA expression in paired samples
obtained from individual subjects.

In summary, we have developed a highly sensi-
tive and accurate real-time quantitative RT-PCR as-
say that demonstrates a marked reduction in NIS
and TG mRNA expression in papillary thyroid can-
cers compared with normal adjacent tissue. We
have also demonstrated that NIS mRNA is generally
decreased in benign thyroid nodules relative to ad-
jacent normal thyroid tissue and provide evidence
that there is a wide variability in the expression of
NIS mRNA in normal thyroid samples between dif-
ferent subjects. Our data support the contention
that the decrease in iodine uptake characteristic of
most malignant and benign thyroid nodules is due,
at least in part, to a reduction in NIS mRNA levels
within the thyroid cells. Further studies will be nec-
essary to specifically correlate NIS mRNA expres-
sion with the activity of the functional sodium io-
dide symporter in these tumor samples.
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