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Pertechnetate (as 99mTcO4
�), 123I�, and 131I� have a long and

successful history of use in the diagnosis and therapy of thyroid
cancer, with uptake into thyroid tissue mediated by the sodium-
iodide symporter (NIS). NIS has also emerged as a potential
target for radiotherapy of nonthyroid malignancies that express
the endogenous or transfected symporter. Perrhenates (as
188ReO4

� and 186ReO4
�) are promising therapeutic substrates of

NIS, although less is known about their behavior in vivo. In this
study, we endeavored to characterize the biologic behavior of
perrhenate, especially in relation to iodide and pertechnetate, to
better explore its possible therapeutic role. Methods: We de-
scribe the simultaneous biodistribution and uptake in vivo of
iodide, pertechnetate, and perrhenate in groups of healthy CD1
mice, either with or without coadministration of perchlorate
(ClO4

�), a potent NIS inhibitor. Animals administered single ra-
diopharmaceuticals were imaged as a means of illustrating
these findings. Kinetic properties of perrhenate were compared
with those of iodide in a stably transfected NIS-bearing Madin–
Darby canine kidney (MDCK) cell line. Results: Biodistributions
of iodide, pertechnetate, and perrhenate in live mice were re-
markably similar. Activity in salivary gland and stomach was
severalfold greater than in blood, remained elevated over the
initial 2 h, and subsequently washed out. A similar pattern
characterized pertechnetate and perrhenate uptake by the thy-
roid, in which the 2-h concentration was slightly more elevated
than at the 20-min time point. However, uptake subsequently
decreased by 19 h. In contrast, iodide continued to increase
through the 19-h time point, presumably as a result of organi-
fication. The addition of perchlorate sharply decreased uptake
of all 3 radiopharmaceuticals by the stomach, salivary glands,
and thyroid and resulted in their rapid clearance, paralleling
blood-pool clearance. In tissues that do not express NIS (liver,
muscle, spleen), uptake of all 3 radiopharmaceuticals was low
and rapidly decreased over time, paralleling blood-pool clear-
ance. Similar findings were seen in kidney, where only minimal

amounts of NIS are expressed in tubular cells. In stably trans-
fected MDCK cells, steady-state accumulation of iodide was
approximately 4-fold higher than that of perrhenate at 30 min.
No active transport was demonstrated in nontransfected MDCK
cell lines or after perchlorate administration. Uptake values
measured at different concentrations of substrate demon-
strated saturation kinetics. Apparent maximal velocity values for
perrhenate and iodide were 25.6 � 1.4 and 106 � 3.2 pmol/�g,
respectively, and corresponding affinity constant values were
4.06 � 0.87 and 24.6 � 1.81 �mol/L. Conclusion: Perrhenate is
avidly taken up by NIS in a manner similar to iodide and per-
technetate in vivo, with the exception of organification of iodide
by the thyroid. By more fully appreciating the behavior of per-
rhenate, especially in relation to iodide and pertechnetate, we
can better realize its potential role in the diagnosis and therapy
of NIS-bearing tissues.
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Iodide, in the form of 123I-NaI and 131I-NaI, has been used
extensively in the imaging and treatment of hyperthyroid-
ism and thyroid carcinoma. Uptake of iodide into thyroid
tissue is mediated by the sodium-iodide symporter (NIS).
Since cloning of the rat (1) and the human (2) forms of the
molecule in 1996, NIS has been the subject of numerous
studies concerning structure and function relationships and
regulation (3–8). NIS-mediated active transport of iodide is
driven by the Na� electrochemical gradient generated by
Na�/K�-adenosine triphosphatase, with 2 Na� ions translo-
cated into the cells per each iodide ion (9). NIS also medi-
ates iodide uptake into other tissues known to concentrate
iodide, such as stomach, salivary gland, and lactating breast
(4). NIS expression has also been demonstrated in more
than 80% of human mammary cancers, raising the possibil-
ity of administering 131I-NaI for therapy of breast malig-
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nancy (10–12). Furthermore, considerable interest has been
expressed regarding radioiodide therapy after targeted trans-
fection of NIS-containing vectors into non–NIS-bearing
malignant tissues (13–16).

Although its main physiologic role is transport of iodide,
NIS has been shown to transport other structurally similar
anions. For example, pertechnetate (TcO4

�) shares physico-
chemical attributes with iodide and exhibits similar biodis-
tribution on radionuclide scanning, with the exception of
organification within the thyroid, which occurs only with
iodide. 99mTcO4

� has therefore achieved an important clin-
ical role as a surrogate for iodide in radionuclide imaging of
NIS-dependent functions, including transport of substrate
into the thyroid gland (historically known as “trapping”)
and secretory function of the salivary glands and gastric
mucosa (17–19). More recently, another structurally similar
anion, perrhenate (ReO4

�), has been proposed as a thera-
peutic radiopharmaceutical for treatment of NIS-bearing
tumors (20). Rhenium, like technetium, is a member of the
group VIIA elements of the periodic table. The radioactive
moiety 188ReO4

� is easily eluted from a 188W/188Re gener-
ator system. 188Re has a half-life of 17 h and emits high-
energy �� particles (Eav � 0.795 MeV) and an imageable
155-keV �-photon. Alternatively, perrhenate may be pro-
duced incorporating the reactor product 186Re. This radio-
nuclide has a half-life of 91 h and emits medium-range ��

particles (Eav � 0.362 MeV) and an imageable 137-keV
�-photon.

The biodistribution and properties of iodide and pertech-
netate have been relatively well characterized, whereas less
is known about perrhenate (20–23). As a close analog of
pertechnetate, perrhenate would be expected to exhibit sim-
ilar physical properties and binding behavior (24). None-
theless, significant differences in chemical properties, such
as reduction potential, may quantitatively alter the behavior
of perrhenate in vivo (24). Fewer similarities are expected
between perrhenate and iodide.

We have endeavored to characterize the biologic be-
havior of perrhenate using 2 techniques. We describe the
simultaneous biodistribution of iodide, pertechnetate, and
perrhenate in healthy CD1 mice to compare and contrast
biodistribution and uptake in vivo. Additional mice ad-
ministered single radiopharmaceuticals were imaged to
illustrate these findings. These biodistribution studies
were, to some degree, qualitative, in that the amount of
substrate could not be readily controlled in a living
animal in contrast to cell culture assays, in which the
amounts of substrate can be rigorously controlled. We
therefore also permanently transfected the Madin–Darby
canine kidney (MDCK) cell line with NIS to characterize
the kinetic properties of perrhenate uptake and compare
them with those of iodide (7). By more fully understand-
ing the behavior of perrhenate, especially in relation to
iodide and pertechnetate, we begin to explore its possible
role in diagnosis and therapy of NIS-bearing tissues, an
area of emerging clinical interest (25).

MATERIALS AND METHODS

In Vivo Biodistribution
99mTcO4

� (630 KBq), 188ReO4
� (630 KBq), and 125I� (63

KBq) in 0.1 mL of phosphate-buffered saline (PBS) were coin-
jected in the tail vein in mice, with or without the addition of 2
mg of perchlorate (ClO4

�), a powerful NIS blocker. Fifteen
animals were in each group. 99mTcO4

� was obtained commer-
cially from a freshly eluted 99Mo/99mTc generator (Syncor In-
ternational). 188ReO4

� was locally eluted from a 188W/188Re
generator (Oak Ridge National Laboratory). 125I� was obtained
commercially (NEN). Within each group, 5 mice were killed at
each of 20 min, 2 h, and 19 h. Eight tissues of interest (liver,
muscle, spleen, kidney, blood, salivary gland, thyroid, and
stomach) were removed and weighed on an analytic balance.
99mTc and 188Re were counted immediately using asymmetric
windows and a dual-isotope– correcting program (Compu-
gamma 1282; LKB Wallac); 125I was counted 8 d thereafter,
after 99mTc and 188Re decay. Uptake was expressed as percent-
age of injected dose per gram of tissue (%ID/g) by comparison
to a reference standard of injectate. For each radiopharmaceu-
tical, a localization ratio was also generated by expressing the
ratio of %ID/g in each tissue to that in blood.

To further illustrate the distribution of radionuclide visually,
single anesthetized animals were injected with 18 MBq of 123I�,
99mTcO4

�, or 188ReO4
� and imaged supine on a dedicated re-

search �-camera (Picker Dynacamera 4C; Picker International)
and computer system (Nuclear MAC; Scientific Imaging, Inc.)
using a pinhole collimator positioned 13 cm above the animals.
Images with 20% windows centered on each photopeak were
dynamically acquired for 20 min after injection and thereafter at
24 min, 60 min, and 24 h. Standard-sized regions of interest
(ROIs) were drawn around the thyroid, mediastinum, and stom-
ach to derive time–activity curves that were normalized accord-
ing to the total count rate of the initial images. Counts in each
ROI were expressed in percentage of injected dose per ROI
(%ID/ROI).

Generation of MDCK Cells Permanently Transfected
with NIS

MDCK cells were transfected with the pcDNA 3.1(�) plasmid
containing the human NIS cDNA, by means of the Fugene 6
transfection reagent (Roche), according to the manufacturer’s in-
structions. After selection in media containing 1 mg/mL Gene-
ticine (G418 sulfate; GIBCO-BRL), NIS-expressing clones were
isolated and expanded. The clone with the highest iodide uptake
was used for these experiments.

Transport in Cultured Cells
Uptake of perrhenate and iodide using stably hNIS-trans-

fected MDCK cells was characterized both as a function of time
and of substrate concentration, according to previously de-
scribed methods (1,7,26). Transport assays were determined in
triplicate. For uptake experiments, cells grown in 12-well plates
were washed twice with 1 mL of HEPES-buffered Hanks’
balanced salt solution (buffered HBSS) and incubated with
buffered HBSS containing 20 �mol/L perrhenate or NaI sup-
plemented with carrier-free 188ReO4

� or Na125I, to give specific
activities of 3.7 GBq/mmol. Additional control experiments
were performed in the presence of the NIS inhibitor perchlorate
(40 �mol/L) or using nontransfected MDCK cells. Incubations
proceeded at 37°C for given reaction times in a humidified
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atmosphere and were terminated by aspirating the radioactive
medium and washing twice with 1 mL ice-cold HBSS. Cells
were made permeable with 500 �L of 95% ethanol (4°C) for 20
min and counted in a �-counter. The DNA content of each well
was subsequently determined after trichloroacetic acid precip-
itation, by the diphenylamine method (27). Based on the spe-
cific activity of the substrates, the efficiency of the �-counter,
and the DNA content of each well, iodide and perrhenate uptake
were expressed as picomoles of substrate transported per mi-
crogram of DNA.

The time courses of uptake of perrhenate and iodide were
determined after incubation of substrate at concentrations of 20
�mol/L for 5, 10, and 30 min in both hNIS-transfected and
nontransfected MDCK cells. Additional measurements at 30 min
were performed in the presence of perchlorate.

The effect of substrate concentration on uptake was determined
by incubating washed cells for 2 min in medium containing 8
concentrations of either perrhenate or iodide, ranging between
0.625 and 80 �mol/L. Uptake reactions were then terminated and
substrate uptake was quantitated as indicated above. Data were
fitted to the theoretic model (v � Vmax � [anion]/Km � [anion]),
where Vmax is maximal velocity and Km is the affinity constant, by
nonlinear least squares using the Marquard–Levenberg algorithm
to yield Vmax and Km values (7,28).

RESULTS

The biodistributions of iodide, pertechnetate, and perrhe-
nate in live mice were remarkably similar. Activity in blood
(Fig. 1) decreased stepwise over time, with little activity
remaining at 19 h. Activity in NIS-expressing salivary gland
was severalfold greater than in blood, remained elevated
over the initial 2 h, and subsequently washed out (Fig. 1). In
the stomach, the concentration of activity was even higher
than that in salivary gland at 20 min and continued to
increase through 2 h, thereafter falling by the 19-h time
point. Similar patterns characterized pertechnetate and per-
rhenate uptake by the thyroid, in which the 2-h concentra-
tion was slightly more elevated than the 20-min time point.
However, uptake subsequently decreased by 19 h. In con-
trast, iodide continued to increase through the 19-h time
point, presumably as a result of organification (Fig. 1).
Coinjection of perchlorate resulted in a relative increase in
vascular activity at 20 min, probably because it was not
removed by NIS-bearing organs when this potent NIS-
inhibitor was administered. Addition of perchlorate sharply
decreased uptake of all 3 radiopharmaceuticals by the stom-

FIGURE 1. Activity in blood and NIS-expressing tissues. Error bars represent 1 SD. Note the variable y-axis scales. Radiophar-
maceutical uptake was similar for the 3 radiopharmaceutical substrates, with the exception of iodide in the thyroid. Blood activity
gradually decreased with time and was noted to be slightly greater in mice administered perchlorate, as a result of absence of
competing excretory pathways. Uptake in NIS-expressing stomach and salivary gland was relatively high, remained elevated or
increased over the initial 2 h, and subsequently washed out. This pattern also characterized perrhenate and pertechnetate uptake
in the thyroid. However, iodide continued to increase through the 19-h time point, presumably as a result of organification. Blocking
of NIS by coinjection of perchlorate decreased uptake of all 3 radiopharmaceuticals by the stomach, salivary glands, and thyroid
and resulted in their rapid clearance, paralleling clearance in blood.
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ach, salivary glands, and thyroid and resulted in their rapid
clearance, paralleling clearance from the blood pool (Fig. 1).

Activity in tissues that do not express NIS (liver, muscle,
spleen) was low and rapidly decreased over time (Fig. 2),
paralleling blood-pool clearance (Fig. 1). Although some
studies have reported small amount of NIS expression in
cells in the collecting tubule of the kidney, the pattern of
uptake we observed in the kidneys resembled that of tissues
without significant NIS expression (Fig. 2) (29). Addition of
perchlorate did not greatly change the magnitude of uptake
in these tissues, although there was a tendency for the
activity to be slightly higher at 20 min in the kidney,
probably as a result of the absence of competition by NIS-
bearing organs. Uptake by various tissues at 20 min and 2 h
was also expressed as a localization ratio of the specific
activity in each tissue to that of the blood (Table 1). Uptake
ratios for each of the 3 radiopharmaceuticals in thyroid,
stomach, and salivary glands were 	1 and increased be-
tween the 20-min and 2-h time points. Liver, spleen, kidney,
and muscle, as well as all organs in the presence of per-
chlorate, had ratios 
 1.

Images in representative mice (Fig. 3) demonstrated the
marked amount of gastric uptake noted for all 3 radiophar-
maceuticals on the 24- and 60-min images. By 24 h, the
stomach was less well defined and, at least in the case of

99mTcO4
�, activity appeared to be more distally located

within the bowel. For 99mTcO4
� and 188ReO4

�, a modest
amount of concentration of activity was seen in the region
of the thyroid gland at 24 and 60 min, but this faded by the
24-h time point. In contrast, 123I� gradually increased be-
tween the 24-min, 60-min, and 24-h images. Time–activity
curves based on ROIs over the stomach, mediastinum, and
thyroid (Fig. 3) demonstrated similar appearances for the 3
radiopharmaceuticals over 60 min. Uptake in the stomach
was most intense and increased over the 1 h of initial
imaging, reaching 20%–25% of injected activity. The mag-
nitude of thyroid uptake was less, reaching 5%–7% of
injected activity. In contrast, mediastinal activity, reflecting
blood pool, gradually decreased over the initial 1 h of
measurement, constituting approximately 2% of injected
activity at the 60-min time point.

To formally assess the transport properties of perrhenate
accumulation by NIS, we investigated the time course of
accumulation of both iodide and perrhenate in hNIS-trans-
fected MDCK cells (Fig. 4A). Steady-state uptake was
approximately 4-fold higher for iodide than for perrhenate
at the 30-min time point. No active transport was demon-
strated in the nontransfected MDCK cell lines, whereas the
addition of perchlorate effectively blocked uptake in the
transfected cell line.

FIGURE 2. Activity in tissues that did not significantly express NIS (liver, muscle, spleen, kidney). Error bars represent 1 SD. The
y-axis scale is similar to that of blood (Fig. 1). The 3 radiopharmaceuticals showed similar patterns of uptake. Activities were lower
than those of blood and sequentially decreased over time. Addition of perchlorate did not diminish activity and, in fact, resulted in
a modest increase in renal activity at 20 min, probably the result of a reduction in uptake by competing NIS-dependent pathways.
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FIGURE 3. Images in representative
mice demonstrated the marked amount of
gastric uptake noted for all 3 radiopharma-
ceuticals on the 24- and 60-min images.
By 24 h, the activity was less well defined
and, at least in the case of 99mTcO4

�, more
diffusely distributed within the bowel. For
99mTcO4

� and 188ReO4
�, a modest amount

of concentration of activity was seen in the
region of the thyroid gland at 24 and 60
min, but this faded by the 24-h time point.
In contrast, 123I� gradually increased be-
tween the 24-min, 60-min, and 24-h im-
ages. Rhenium-based curves exhibited in-
creased noise as a result of the lower
abundance of �-photons for this radionu-
clide. Time–activity curves based on ROIs
over the stomach, mediastinum, and thy-
roid demonstrated similar appearances for
the 3 radiopharmaceuticals. Because of
limitations in external photon scanning, ap-
parent magnitude of uptake may be less
than that based on actual organ counting.
Uptake in the stomach was most intense
and increased over the 1 h of initial imag-
ing, concentrating 20%–25% of injected
activity. Thyroid uptake was more modest
and also increased over time (5%–7% of
injected activity). Mediastinal activity, rep-
resenting blood pool, gradually decreased
over the initial 1 h of measurements, rep-
resenting approximately 2% of injected ac-
tivity at the 60-min time point.

TABLE 1
Ratio of Injected Dose per Gram in Tissue to That in Blood

Time Organ

Injected compound

Iodide Iodide � ClO4
� TcO4

� TcO4
� � ClO4

� ReO4
� ReO4

� � ClO4
�

20 min Stomach 4.98 � 2.09 0.31 � 0.09 5.35 � 2.15 0.22 � 0.04 4.74 � 2.16 0.19 � 0.05
Salivary gland 2.70 � 0.89 0.41 � 0.02 2.91 � 1.08 0.30 � 0.01 3.21 � 0.97 0.31 � 0.02
Thyroid 3.02 � 0.68 0.40 � 0.03 1.87 � 0.40 0.30 � 0.04 2.04 � 0.50 0.30 � 0.04
Liver 0.41 � 0.03 0.38 � 0.06 0.64 � 0.07 0.57 � 0.09 0.44 � 0.03 0.34 � 0.03
Muscle 0.23 � 0.02 0.23 � 0.02 0.16 � 0.02 0.18 � 0.01 0.17 � 0.02 0.17 � 0.03
Kidney 0.71 � 0.15 0.92 � 0.19 0.46 � 0.02 0.56 � 0.12 0.49 � 0.03 0.67 � 0.23
Spleen 0.61 � 0.11 0.39 � 0.03 0.43 � 0.05 0.34 � 0.04 0.46 � 0.09 0.29 � 0.05

2 h Stomach 10.87 � 3.77 0.80 � 0.33 15.04 � 4.50 0.58 � 0.28 11.86 � 4.91 0.54 � 0.20
Salivary gland 3.90 � 1.14 0.38 � 0.13 4.40 � 1.07 0.29 � 0.10 4.91 � 1.46 0.28 � 0.09
Thyroid 19.45 � 5.95 0.44 � 0.16 4.76 � 0.35 0.28 � 0.10 6.30 � 1.05 0.29 � 0.10
Liver 0.41 � 0.05 0.41 � 0.17 0.88 � 0.19 0.83 � 0.30 0.50 � 0.09 0.33 � 0.10
Muscle 0.25 � 0.05 0.22 � 0.09 0.19 � 0.03 0.17 � 0.07 0.18 � 0.03 0.15 � 0.04
Kidney 0.59 � 0.03 0.73 � 0.39 0.59 � 0.04 0.63 � 0.19 0.48 � 0.05 0.45 � 0.11
Spleen 0.54 � 0.06 0.35 � 0.11 0.39 � 0.03 0.28 � 0.09 0.38 � 0.06 0.25 � 0.09

Data are mean � 1 SD. Because of negligible blood activity, stochastic noise precluded meaningful ratios at the 19-h time point.
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To determine the kinetic parameters of perrhenate uptake,
initial uptake rates (2-min time points) were measured at
different substrate concentrations. Saturation kinetics were
observed (Fig. 4B). Based on the Marquard–Levenberg
algorithm (28), the apparent Vmax values for perrhenate and
iodide were 25.6 � 1.4 and 106 � 3.2 pmol/�g, respec-

tively, and the corresponding Km values were 4.06 � 0.87
and 24.6 � 1.81 �mol/L.

DISCUSSION

Imaging and ROI analysis have graphically demonstrated
the similarity of perrhenate distribution to distribution of
pertechnetate and iodide. Because the administered concen-
trations of these substrates are so much lower than their Km

values, they are not believed to interfere with each other,
assuming Michaelis–Menten kinetics.

When coadministered, pertechnetate, perrhenate, and io-
dide had similar uptake and biodistribution in NIS-express-
ing and non-NIS-expressing tissues, with the exception of
the thyroid gland, where iodide continued to be retained
through 19 h, as a result of organification. Activity in the
NIS-bearing tissues exceeded the blood concentration of
activity severalfold. Uptake was highest in the stomach,
intermediate in the salivary gland, and lowest in the thyroid.
Although this may reflect differential activity of the sym-
porter in the various tissues, stomach activity may be arti-
factually increased as a result of retention of secreted ac-
tivity within the lumen. Uptake values in the thyroid may
also be artifactually decreased as a result of the unavoidable
inclusion of nonthyroidal tissue in the samples, thereby
diluting the per-gram uptake values. Perchlorate markedly
abolished uptake by NIS-containing tissues while paradox-
ically increasing concentration in non–NIS-bearing tissues,
presumably because of a lack of competitive uptake by the
NIS-containing tissues. This phenomenon was also apparent
in a previous study of rats, measured at 30 min after injec-
tion (22).

Our in vivo murine studies were supplemented with
cell culture measurements in which the amount of sub-
strate could be rigorously controlled. In cultured cells
that permanently express NIS, perrhenate was trans-
ported with an affinity even greater than that of iodide,
agreeing with previous measurements performed using
other techniques (30). The higher affinities of perrhenate
(Km � 4.06 �mol/L) and iodide (Km � 24.6 �mol/L)
compared with those previously reported for ClO3

�

(Km � 277 �mol/L) and NO3
� (Km � 739 �mol/L) may

relate to their significantly larger ionic radii (1.88 Å for
perrhenate, 2.2 Å for iodide, 1.66 Å for ClO3

�, and 1.45
Å for NO3

�), presumably leading to an improved sym-
porter-binding fit (9,30,31).

In contrast to the present findings, in an earlier study
using rat thyroid NIS expressed in Xenopus laevis oo-
cytes, Eskandari et al. (9) did not detect perrhenate trans-
port into the oocytes, although they found perrhenate to
be a potent blocking agent for NIS, second only to
perchlorate. It is possible that the lack of uptake reported
on the basis of Eskandari’s electrophysiologic measure-
ments was the result of a 1:1 Na�/perrhenate stoichiom-
etry or differences related to expression in amphibian

FIGURE 4. Uptake of iodide and perrhenate in hNIS-trans-
fected MDCK cells. Error bars denote 1 SD. (A) Time course of
uptake. Cells were incubated with 20 �mol/L iodide or perrhe-
nate supplemented with carrier-free 125I� and 188ReO4

�, respec-
tively, for the indicated periods of time. Solid symbols represent
uptake in NIS-transfected cells, and open symbols represent
uptake in nontransfected cells. Uptake of iodide exceeds that of
perrhenate at all time points in the transfected cells. Transfected
cells in the presence of the potent NIS inhibitor perchlorate and
non-NIS-transfected MDCK cells did not concentrate either an-
ion. (B) Kinetic analysis of iodide and perrhenate uptake into
hNIS-transfected MDCK cells based on 2-min uptake values at
variable substrate concentrations. Vmax and Km values were
estimated using the Marquard–Levenberg algorithm as 106 �
3.2 and 24.6 � 1.81 pmol/�g for iodide and 25.6 � 1.4 and
4.06 � 0.87 �mol/L for perrhenate (plotted symbols represent
experimental data and solid lines the fitted curves).
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versus mammalian cells (32). The present results are less
prone to artifacts in that we have used a stably transfected
MDCK cell line to study uptake. NIS-dependent perrhe-
nate transport in MDCK cells is also corroborated by our
whole-animal uptake studies of 188ReO4

�, which demon-
strated a high degree of uptake in NIS-containing tissues,
qualitatively similar to that of 99mTcO4

� and 125I�. Our
data are qualitatively consistent with those recently re-
ported by Van Sande et al. (33) in FRTL-5 cells and in
NIS-transfected COS cells, although quantitatively dif-
ferent because we observed a 3- to 4-fold-higher accu-
mulation of iodide as compared with perrhenate (Figs. 4A
and 4B), whereas Van Sande et al. reported a higher
relative uptake for perrhenate than iodide.

Because effective therapy depends on retention of ra-
dionuclide in the target, a major variable in the use of
NIS-targeted therapy is the rate of egress of radionuclide
from the tissue (34). Retention of iodide has been studied
in tumors transfected with NIS, where short effective
half-times of residence have been found (35– 40). In an
attempt to prolong the retention time of radioiodine in
various tumor types, thyroperoxidase has been cotrans-
fected in addition to NIS, with variable results (38,39).
An alternative approach may be to optimize the charac-
teristics of the therapeutic radionuclide (40). 188ReO4

� is
a promising candidate based on its high uptake by NIS-
expressing tissues and the energetic �� emissions of
188Re. The degree of uptake and retention may be suffi-
cient for delivery of therapeutic doses of radiation to
NIS-expressing tumors, considering the average �� en-
ergy of 188Re (which is almost 7-fold higher than that of
131I�) and its considerably shorter physical half-life (17 h
vs. 8 d for 131I). In an experimental model of breast
carcinoma, we have previously demonstrated that
188ReO4

� was able to deliver a dose to the tumor 4.5-fold
higher per megabecquerel administered than 131I-NaI
(20). In fact, absent organification of perrhenate by the
thyroid gland may also be considered an advantage in
therapy of nonthyroidal NIS-bearing tissues, in that the
thyroid will not serve as a sink for radiopharmaceutical
and will sustain less radiation damage. The currently
available procedure to decrease uptake by the thyroid
gland is the administration of exogenous thyroid hor-
mone, which transiently down-regulates thyroid-NIS and
thereby decreases radioiodine uptake.

CONCLUSION

As we enter into the era of NIS-based diagnostics and
therapeutics, understanding the biologic behavior of perrhe-
nate in addition to that of iodide and pertechnetate will
facilitate modeling and allow a rational choice of radionu-
clides with the most appropriate physical characteristics for
imaging and therapy of NIS-expressing tumors.
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