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Abstract

Purpose—Accumulation of iodide and other substrates for the human sodium/iodide symporter
(hNIS) is fundamental to imaging and therapy of thyroid disease, hNIS reporter gene imaging and
hNIS-mediated gene therapy. There is no readily available positron emission tomography (PET)
tracer for hNIS. Our aim was to develop a colon carcinoma cell line stably expressing hNIS, and
use it to evaluate a novel hNIS PET tracer, [18F]-tetrafluoroborate.

Methods—Colon carcinoma cell line HCT116 was stably transfected with hNIS, producing cell
line HCT116-C19 with high hNIS expression. Rat thyroid cells FRTL5, which express rat sodium-
iodide symporter (rNIS) when stimulated with thyroid stimulating hormone, were used for
comparison. Accumulation of [188Re]-perrhenate, [®MTc]-pertechnetate and [18F]-
tetrafluoroborate was evaluated with and without perchlorate inhibition using an automated
radioimmune assay system, LigandTracer™. Affinity of [18F]-tetrafluoroborate for hNIS, and its
ICs for inhibition of [#9MTc]-pertechnetate transport were determined from plateau accumulation
of [18F]-tetrafluoroborate and [?°™Tc]-pertechnetate, respectively, as a function of
tetrafluoroborate concentration.

Results—[18F]-tetrafluoroborate accumulated effectively in both FRTL5 and HCT116-C19 cells.
Accumulation in HCT116-C19 cells (plateau accumulation 31%) was comparable to that of
[188Re]-perrhenate (41%) and [¥™Tc]-pertechnetate (46%). Its affinity for hNIS and ICs for
inhibition of pertechnetate uptake were approximately micromolar.

Conclusions—We have produced a human colon cell line with stable constitutive expression of
functional hNIS (HCT116-hNIS-C19). [18F]-tetrafluoroborate accumulates in cells expressing
hNIS or rNIS and is a potential PET imaging agent in thyroid disease and hNIS reporter gene
imaging.
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Introduction

The sodium/iodide symporter (NIS) is a plasma membrane glycoprotein that mediates the
active transport of iodide in the thyroid and other NIS-expressing cells or tissues. The ability
of thyroid cells to accumulate radioiodine via NIS has been instrumental to the management
of thyroid disease using nuclear medicine techniques for imaging and therapy. Since the
cloning and characterisation of the human NIS gene (hNIS) in 1996 [1], there has been great
interest in the potential of using hNIS as a reporter gene for trafficking implanted cells and
monitoring cell differentiation and survival /n vivo [2-4], and for imaging and therapy of
tumours [5-7]. Radionuclide imaging and therapy via hNIS may be feasible since hNIS is
expressed only in a small number of normal tissues (thyroid gland, salivary glands, gastric
mucosa, thymus, lactating breast and kidney) [8-11].

Although iodide is the natural substrate for NIS alternative tracers with improved imaging
characteristics and better therapeutic emissions have been investigated. [*MTc]-
pertechnetate is commonly used as an alternative to [131/123|]-iodide for single-photon
emission computed tomography (SPECT) imaging of the thyroid [12, 13]; the perchlorate
ion (ClOyY) is a known specific inhibitor of hNIS [14-16]; and [188Re]-perrhenate [17, 18]
and [21At]-astatide [19, 20] have been proposed for radionuclide therapy [17-19, 21, 22].
SPECT scans using [%MTc]-pertechnetate and [1231]-iodide produce images of similar
quality [13]. However, [2°™Tc] results in a lower radiation dose and is more readily
available. Despite the success of SPECT tracers for imaging thyroid disease, current SPECT
tracers have limitations in detecting small metastases and low volume disease. This along
with the increased interest in using hNIS as a reporter gene led to a need to develop a
radiotracer with improved imaging characteristics to image small lesions and to track
transgenic cells in vivo.

Positron emission tomography (PET) is generally regarded as a superior imaging technique
as it offers improved resolution, sensitivity and quantification of radiotracer accumulation
compared to SPECT. PET imaging of NIS-expressing tissues can be performed with [1241]-
iodide. Several groups have used [1241]-iodide to image NIS transgene expression i vivo
[23, 24]. lodide accumulation measured by PET imaging correlated well with post-mortem
gamma counting and with hNIS gene expression measured by the quantitative real-time
polymerase chain reaction [23]. However, 124| undergoes a complex decay scheme with a
low abundance of positrons (23 %). In addition it emits high energy gamma photons (Emax =
2.14 MeV) which may interfere with annihilation photons leading to increased background
noise and poor image quality. In addition, the long half-life of 1241 results in a high radiation
dose to the patient. An ideal PET tracer for NIS would be based on fluorine-18 as it has
good imaging characteristics: short half life (110 min), high positron yield (97 %), low
positron energy (Emax = 0.634 MeV) and ready availability by production on a medical
cyclotron. The tetrafluoroborate ion (BF4") has been shown to be a substrate for NIS by
electrochemical studies and accumulation in the thyroid of rats [25-27]. We recently
described the synthesis of [18F]-tetrafluoroborate by isotopic exchange with BF,~ and
demonstrated its promise for PET imaging using pre-clinical PET/CT imaging in rodents
[28].
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The options for commercially available cell lines that express NIS are limited. The Fisher rat
thyroid cell line FRTL5 has been used previously for /in vitro studies of rNIS radiotracer
accumulation [15, 28]. In this study the hNIS gene was stably transfected into the human
colon colorectal cell line HCT116 to provide a human cell line with high expression of hNIS
in order to evaluate and compare the accumulation of [18F]-tetrafluoroborate with other NIS
tracers. Experimental cancer cell lines expressing reporter genes are useful tools in
preclinical cancer research.

In this study the accumulation kinetics of [2°™Tc]-pertechnetate, [188Re]-perrhenate and
[18F]-tetrafluoroborate were compared using LigandTracer™ [29]. This instrument is
designed to measure radioligand-cell interactions using automated radioimmunoassay
technology. It measures /n vitro accumulation of radiotracers repeatedly in real time and is
less labour-intensive compared to standard protocols in which cells are seeded into dishes or
multi-well plates and radiotracer is added, followed by harvesting cells at least in triplicate
over a range of time points and measurement of accumulation of radiotracer in each sample
by gamma counting. Here we describe the use of LigandTracer to evaluate the accumulation
of radiolabelled hNIS substrates into target cells for radiopharmaceutical development.

Materials and methods

Radiotracers

Sodium [18F]-tetrafluoroborate was prepared from [18F]-fluoride, obtained direct from
proton-irradiated [180]-water (97 atom %, Isochem Ltd., Hook, UK; 11 MeV protons from
a CTI RDS 112 cyclotron, beam current 30 PA, irradiation time 10 — 20 min). Sodium
[99MTc]-pertechnetate was obtained by elution of a *Mo/?*™Tc generator (Drytec, GE
Healthcare, Little Chalfont, UK) with saline. Sodium [188Re]-perrhenate was eluted from a
188\\//188Re generator in accordance with manufacturers’ instructions (Institute of Atomic
Energy-POLATOM, Otwock-Swierk, Poland).

Radiochemistry

Synthesis of [18F]-tetrafluoroborate was performed using an automated labelling protocol
developed using an Eckert and Ziegler ModularLab module (Imaging Equipment Ltd,
Bristol, UK) as described previously [28]. Briefly, [18F]-fluoride (12 — 18 GBq) was trapped
by passage of the irradiated water (4 mL) through a QMA cartridge (Waters SepPak Light
QMA, conditioned with 1.0 M sodium hydrogen carbonate). The [18F]-fluoride was eluted
from the cartridge with 1.2 mL of 1.5 M HCl into the reactor which contained sodium
tetrafluoroborate (1 mg in 0.1 mL 1.5 M HCI). The reaction mixture (1.3 mL) was heated to
120 °C for 10 min, cooled to 25° C and passed through a silver ion-loaded cation exchange
cartridge (OnGuard Il AG, Dionex, Leeds, UK, conditioned with 10 mL water) to remove
chloride and raise the pH, and through two alumina columns (Waters SepPak Light Alumina
N, conditioned with 10 mL water and 5 mL air) to remove unreacted [*8F]-fluoride and a
sterile Millex-GS 0.22 um filter unit (Millipore UK, Watford, UK), and washed through with
a further 2 mL water for injections into a nitrogen-filled sterile vial. The purified [*8F]-
tetrafluoroborate stock thus produced contained about 10% of the starting activity, and had a
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specific activity of 1-10 x 108 MBg/mol and a maximum tetrafluoroborate concentration of
1 mM.

Media and reagents were obtained from PAA (Yeovil, UK) and hormones from Sigma-
Aldrich (Poole, UK). The Fisher rat thyroid cell line FRTL5 was kindly donated by Prof. Jan
Smit and Dr. Guido Hovens (Leiden University, The Netherlands) and grown in a humidified
incubator at 37°C with 5% CO» in Hams:F12 medium supplemented with 10% fetal bovine
serum, penicillin/streptomycin, minimal essential medium amino acids and a hormone
mixture containing insulin (10 pg/mL), hydrocortisone (3.6 ng/mL), glycyl-histidyl-lysine
acetate (10 ng/mL), transferrin (5 pg/mL), somatostatin (10 ng/mL) and bovine thyroid
stimulating hormone (TSH) (1 mU/mL). The human colon cancer cell line HCT116 was
grown in a humidified incubator at 37°C with 5% CO, in McCoys 5A medium
supplemented with 10% fetal bovine serum, L-glutamine (2 mM) and penicillin/
streptomycin.

Transfection with hNIS cDNA

Full-length hNIS cDNA cloned into the EcoRl site of pcDNA3 [30] was used to transfect
HCT116 cells. HCT116 cells were grown to 90% confluency in 24 well plates. Stable
transfection was performed using Lipofectamine 2000 in accordance with the
manufacturers’ protocol (Invitrogen, Paisley, UK). Twenty-four hours after transfection cells
were passaged into a 25 cm tissue culture flask and after a further 24 hours cells were
cultured in medium containing 250 pg/mL geneticin (Invitrogen, Paisley, UK). After 14 days
of antibiotic selection cells were counted and seeded into 96 well plates at a density of <1
cell per well. Single colonies were selected and bulked up to 24 well plates. Colonies with
hNIS expression were selected on the basis of [%*MTc]-pertechnetate accumulation.

Selection of clones with hNIS expression

HCT116 hNIS clones were seeded in 24 well plates at a density of 1.5 x 10° cells per well
and incubated in a humidified incubator at 37°C with 5% CO» for 24 hours. Cells were
washed twice in Hanks balanced salt solution (HBSS) before incubating for 30 minutes with
500 pL HBSS and 0.1 MBq [*®™Tc]-pertechnetate in a volume not exceeding 5 % of the
total volume. Then cells were washed twice with 500 pL cold HBSS and extracted with 500
uL 1M NaOH for 10 minutes. The cell extracts were counted in a gamma counter (Wallac
1282-001 Compugamma CS).

In vitro radiotracer accumulation

[18F]-tetrafluoroborate, [**™Tc]-pertechnetate and [188Re]-perrhenate accumulation were
evaluated in FRTL5, HCT116 Clone 19 (high hNIS expression) with or without sodium
perchlorate to control for hNIS- or rNIS-specific accumulation, and HCT116 untransfected
cells. Accumulation was measured in real-time using LigandTracer® Yellow in accordance
with the manufacturer’s instructions (Ridgeview Instruments AB, Uppsala, Sweden).
Briefly, 2 x 106 cells in 2 mL growth medium were seeded into 100 mm cell bind® Petri
dishes (Corning, NY, USA) and incubated on an incline for 16-24 hours so that target cells
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adhered to small section of the plate (Figure 1). The medium was replaced with 10 mL fresh
medium and cells were incubated for a further 18-24 hours. Cells were then washed twice in
HBSS before incubating with 2 mL HBSS with or without 10 pM sodium perchlorate for 10
minutes. The LigandTracer was equilibrated to 37 °C before placing the Petri dish in the
machine with the target cells opposite the “lone pin” (Figure 1). The LigandTracer was set
up to measure 3 + 3 positions at opposite sides of the dish. Background counts were
collected for 6 minutes prior to the addition of 0.5 MBq of the radiotracer in a volume not
exceeding 5% of the total volume and accumulation data were collected for up to 60 minutes
with sampling every 12 seconds. At the end of the run the medium was collected and cells
were washed briefly in cold HBSS and the wash was combined with the medium. The cells
were extracted in 2 mL 1 M NaOH for radioactivity counting. All liquids were counted on a
gamma counter and accumulation in cells was calculated as a percentage of total activity.

Inhibition of [18F]-tetrafluoroborate and [°®MTc]-pertechnetate accumulation with cold
sodium tetrafluoroborate

Results

HCT116-hNISC19 cells were seeded in 24-well plates at a density of 1.5 x 10° cells per well
and incubated in a humidified incubator at 37°C with 5% CO- for 48 hours. Cells were
washed twice in HBSS before incubating for 30 minutes at 37°C with 500 pL HBSS
containing cold sodium tetrafluoroborate at concentrations ranging from 1 x 102 to 1 x 10712
M. Next, 0.1 MBq [#9™Tc]-pertechnetate or [18F]-tetrafluoroborate in a volume not
exceeding 5 % of the total volume was added and cells were incubated at 37°C for 30
minutes. Then cells were washed with 500 pL cold HBSS and extracted with 500 puL 1M
NaOH for 10 minutes. The cell medium, washes and cell extracts were counted in a gamma
counter (Wallac 1282-001 Compugamma CS). Percent accumulation was plotted versus
log10[tetrafluoroborate]. The sigmoid inhibition curve was fitted using Graphpad Prism 5.0
software using a four parameter variable Hill slope equation and this was used to calculate
ICsq values.

[99MTc]-pertechnetate accumulation following stable transfection with hNIS cDNA

Twenty—one colonies of HCT116 cells transfected with hNIS were identified and selected
for the [%¥MTc]-pertechnetate accumulation assay. The concentration of pertechnetate in the
wells was estimated to be approximately 5 x 1011 M. The highest accumulation was
observed in HCT116-hNIS-clone 19 (C19). Cell associated [%°™Tc]-pertechnetate activity
was significantly (approximately 20-fold) higher in hNIS-expressing C19 cells compared to
the untransfected HCT116 control cell line (Figure 2A). C19 accumulated 1954 cpm,
compared to 408 cpm for the polyclonal cell population and <100 cpm for HCT116
untransfected cells and HCT116-hNIS-C6. The accumulation of [%™MTc]-pertechnetate in
C19 cells was shown to be hNIS-dependent by assessing the accumulation in the presence of
perchlorate, a known inhibitor of NIS. Sodium perchlorate reduced the accumulation of
[9°™Tc]-pertechnetate in C19 cells by approximately 95%. Accumulation of [%MTc]-
pertechnetate in C19 cells was rapid, reaching half maximal levels within 5 minutes after
addition and approaching a plateau within 15-20 minutes (Figure 2B).
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Comparison of accumulation kinetics of [18F]-tetrafluoroborate, [?*MTc]-pertechnetate and
[188Re]-perrhenate in hNIS- and rNIS-expressing cells

The kinetics of [18F]-tetrafluoroborate, [%*™Tc]-pertechnetate and [188Re]-perrhenate
accumulation were studied in FRTL5, HCT116-hNIS-C19 and HCT116 cells (Figure 3).
FRTLS5 is a rat thyroid cell line which is known to express rNIS and was used as positive
control to show that the radiotracers are taken up by NIS. The concentrations of [18F]-
tetrafluoroborate, [%¥MTc]-pertechnetate and [188Re]-perrhenate added to each dish were
estimated to be less than 1 x 1077, 5 x 10 "1 and 4 x 10 "1 M, respectively. In FRTL5 and
HCT116-hNIS-C19 cells rapid accumulation was observed with all three radiotracers and a
plateau was reached within 20 minutes of addition of tracer. In HCT116 cells no measurable
accumulation was observed. The addition of sodium perchlorate to the cell medium
prevented the accumulation of all three tracers almost completely in C19 and FRTLS5 cells
indicating that accumulation was specific and mediated by hNIS or rNIS. The 10 uM
perchlorate block was observed to be less effective for [18F]-tetrafluoroborate in C19 cells
(83%) compared to [%°™Tc]-pertechnetate (93%) and [188Re]-perrhenate (96%).

Comparison of accumulation of [18F]-tetrafluoroborate, [*®™Tc]-pertechnetate and [188Re]-
perrhenate as a percentage of total radioactivity in hNIS expressing cells

The measurements of the cell-bound radioactivity do not provide a direct comparison of the
extent of accumulation of tracers, since the detector sensitivity to the three radiotracers were
different. Therefore, at the end of each run using LigandTracer the activity associated with
cells and medium was counted and the percentage of total radioactivity accumulated in cells
after accumulation plateau was determined (Figure 4). The accumulation as a percentage of
total activity for [%¥MTc]-pertechnetate (46%) was higher than for [188Re]-perrhenate (41%)
which in turn was higher than for [18F]-tetrafluoroborate (31%) in C19 cells; similarly in
FRTLS5 cells percentage accumulation of [%*™MTc]-pertechnetate, [188Re]-perrhenate and
[18F]-tetrafluoroborate were 23%, 15% and 11%, respectively. The percentage accumulation
of [18F]-tetrafluoroborate in C19 cells had higher variation between independent
experiments than the other tracers. This may be due to variations in the specific activity of
[18F]-tetrafluoroborate between two independent experiments. The specific activity was in
the range 1-10 x 108 MBg/mol and would vary between experiments as the isotope decayed.
At this level the concentration of tetrafluoroborate in the incubation medium would have
been in the range 1-5 x 10 -7 M, which is relatively close to the ICsq (see below and Figure
5) whereas the concentration of pertechnetate and perrhenate would have been less than 4 x
10 11 M. The relatively low specific activity [18F]-tetrafluoroborate could also account for
its lower percent accumulation compared to pertechnetate and perrhenate, and is also
consistent with the smaller fractional inhibition by perchlorate compared to the other tracers.

Inhibition of [18F]-tetrafluoroborate and [2®™MTc]-pertechnetate accumulation with cold
sodium tetrafluoroborate

The inhibition of [18F]-tetrafluoroborate and [*°™Tc]-pertechnetate accumulation in C19
cells using cold sodium tetrafluoroborate was investigated in order to estimate the ability of
tetrafluoroborate to compete with pertechnetate as a substrate and the effect of specific
activity on the accumulation of [18F]-tetrafluoroborate (Figure 5). In the experiment where
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[18F]-tetrafluoroborate was inhibited by itself, the tetrafluoroborate concentration was
adjusted to take into account the concentration added as a radiotracer. The 1Cgq values of
tetrafluoroborate as an inhibitor of [18F]-tetrafluoroborate and [#*™Tc]-pertechnetate
accumulation were 1.6 x 10 and 7.4 x 10°7 M, respectively.

Discussion

The colon carcinoma cell line HCT116 was stably transfected with hNIS to provide a cell
model with high hNIS expression. This cell line (HCT116-hNIS-C19) has proved to be a
useful model for the investigation of novel NIS substrates. The full-length hNIS cDNA
pcDNAS3 plasmid was originally constructed by Smanik et al. [30]. This group transfected
the COS-7 monkey kidney cell line with hNIS and observed a 9-fold increase in radioiodine
accumulation compared to control cells [30]. Our hNIS-transfected HCT116 cell line C19
has proved to be a convenient cell model for studying the accumulation kinetics of
radiotracers that are substrates for hNIS. The cell line grows quickly compared to FRTL5
cells and high accumulation of pertechnetate has been demonstrated in C19 cells that have
been cryogenically stored and subsequently cultured for in excess of 30 passages, under the
selection of 250 pg/ml Geneticin. This cell line has also been beneficial in our laboratory for
use as a positive control for determination of hNIS expression in novel hNIS transgenic cells
(results not shown). Since the parent cell line HCT116 is capable of forming human
xenografts in the nude mouse [31], C19 cells may be a useful tool for evaluating hNIS
targeting of tracers in tumour models /7 vivo using microPET/SPECT imaging.

We have previously demonstrated accumulation of [18F]-tetrafluoroborate in the rat thyroid
cell line FRTL5 and in the thyroid gland of normal mice and 7RB”Y/#Y transgenic mouse
with a thyroid tumour [28]. The /n vitro studies presented herein show that in addition to
being a substrate for rNIS in rodent models, [18F]-tetrafluoroborate is taken up by a human
colon carcinoma cell line with hNIS expression. The accumulation of [18F]-tetrafluoroborate
in HCT116 cells transfected with hNIS was high and comparable with known substrates
[99MTc]-pertechnetate and [188Re]-perrhenate, indicating that [18F]-tetrafluoroborate is a
good substrate for the human sodium iodide symporter in addition to rNIS in rodent species.
Like [%¥MTc]-pertechnetate and [188Re]-perrhenate, [18F]-tetrafluoroborate was taken up by
both FRTL5 and HCT116-hNIS-C19 cells but not by the untransfected parent HCT116 cells.
Since the accumulation is blocked by perchlorate, a known specific inhibitor of hNIS and
rNIS [14, 16], it is clear that [2°™Tc]-pertechnetate accumulation is specific and mediated by
hNIS. The data in Figure 5 show that tetrafluoroborate is able to inhibit accumulation of
pertechnetate by hNIS with an 1Csg of 7.4 x 107 M. This value is similar to the affinity of
[18F]-tetrafluoroborate, based on measurement of inhibition of accumulation of [18F]-
tetrafluoroborate by cold tetrafluoroborate. This is consistent with the assumption that both
pertechnetate and tetrafluoroborate act similarly as substrates of hNIS and will therefore
each competitively inhibit accumulation of the other.

The accumulation of [18F]-tetrafluoroborate in NIS expressing C19 cells was comparable in
terms of percent accumulation to that of [188Re]-perrhenate and [#°™Tc]-pertechnetate with
accumulation of 31%, 41% and 46%, respectively. The concentration ratio (Cj,:Cqyt) in C19
cells were estimated as 295:1, 243:1 and 157:1 for [%*™Tc]-pertechnetate, [188Re]-
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perrhenate and [18F]-tetrafluoroborate, respectively. The relatively low specific activity of
[18F]-tetrafluoroborate, and the variation in specific activity between different batches of
[18F]-tetrafluoroborate may account for the lower percent accumulation and the greater
variability in accumulation in C19 cells compared to the other tracers. The specific activity
was estimated to be in the range 1-10 x 108 MBg/mol and would vary between experiments
as the isotope decayed. At this specific activity the concentration of tetrafluoroborate in the
incubation medium would have been in the range 1-5 x 10 -7 M, which is relatively close to
the 1Csp which was estimated at 1.6 x 10" M, hence accumulation is likely to depend quite
strongly on concentration. Conversely, the concentration of pertechnetate and perrhenate
would have been less than 4 x 1011 M, well below the reported ICsq values of 1 - 2 x 106 M
[15] for inhibition of sodium perrhenate on the accumulation of [123[]-iodide and [%°MTc]-
pertechnetate, and hence is not likely to adversely affect accumulation. The extracellular
concentration of tetrafluoroborate in patients after being injected with a suitable imaging
dose of [18F]-tetrafluoroborate will be significantly lower than the lowest concentrations in
our /n vitro experiments (< 0.1 micromolar). Therefore the low specific activity will not
adversely affect accumulation /7 vivo in humans. Although the accumulation of [18F]-
tetrafluoroborate is lower than that of [%¥MTc]-pertechnetate, PET scanning with this agent
may be advantageous because of better spatial resolution and attenuation properties
compared to SPECT with 99mTc.

To our knowledge this study is the first to compare accumulation of [18F]-tetrafluoroborate
with existing radiotracers for accumulation by NIS. Comparisons of accumulation of NIS
radiotracers between different experiments are difficult due to differences in cell types used,
methodologies and presentation of data. Van Sande et a/. [15] studied the accumulation of
pertechnetate and perrhenate in FRTL5 and hNIS transfected COS cells. Both tracers
showed similar accumulation kinetics to our work reaching a plateau within 20 minutes, but
in contrast to this study Van Sande et a/ showed higher accumulation of perrhenate
compared to pertechnetate. Kang et a/. also showed slightly higher accumulation of
perrhenate compared to pertechnetate in an hepatocellular carcinoma cell line transfected
with hNIS [32].

As NIS can facilitate the accumulation of a range of different isotopes there has been a great
deal of interest in its use in cancer gene therapy with particle-emitting radionuclides. In
addition to [1311]-iodide, NIS is also capable of transporting the beta-emitter [188Re]-
perrhenate and the alpha emitter [211At]-astatide. In this study perrhenate accumulation and
pertechnetate accumulation were comparable at 41 and 46%, respectively, in C19 cells
which would suggest that [188Re]-perrhenate may be able to accumulate in sufficient
concentrations to deliver a therapeutic dose to tumour tissues expressing NIS. Several
studies have shown decreased clonogenic survival in tumour cells targeted with radioiodine
via NIS using tissue-specific promoters, for example the prostate-specific antigen (PSA)
[22] and the carcinoembryonic antigen (CEA) [33]. Willhauck ef a/. showed that [*311]-
iodide and [188Re]-perrhenate were equally effective at treating smaller tumours in a mouse
model and that [188Re]-perrhenate had a superior therapeutic effect in tumours with a
relatively large volume (> 200 mm3) [22].
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LigandTracer proved to be an effective method for the evaluation of radiotracer
accumulation in target cells, giving reproducible data from much higher sampling rates than
feasible by conventional manual methods. The automated system reduces operator errors
that occur due to harvesting cells from multi-well plates and errors due to variability in cell
numbers and distribution in wells. In addition, the reduction in liquid handling steps reduces
radiation exposure to the operator. However, the disadvantage of the LigandTracer system is
that only one experiment can be run at a time, so controls cannot be run simultaneously with
the experimental sample. This may be an issue particularly when using short half-life
isotopes, as after decay correction the radiotracer added to experiments performed later in
the day will have diminishing specific activity, and thus controls will use radiotracers with
different specific activity to test runs.

Conclusion

[18F]-Tetrafluoroborate accumulates in cells expressing hNIS and has potential for use as a
PET agent for imaging thyroid disease and hNIS reporter gene imaging. As tetrafluoroborate
is labelled with 18F it has ideal imaging characteristics that may deliver the spatial resolution
and sensitivity required for imaging small lesions, reporter gene imaging and cell migration
studies. The new colon cancer cell line HCT116-hNIS-C19 stably and constitutively
expresses hNIS and promises to be a useful research tool in preclinical cancer research. The
LigandTracer instrument is useful for kinetic measurements of tracer accumulation in cells,
offering high sampling rate and reproducibility and low operator error and radiation
absorbed dose.
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lone pin
4

dual pins

Figure 1.
Ligandtracer measurement locations in 3 + 3 configuration. The Petri dish was placed on the

rotating platform so that area in which cells were seeded was located opposite the lone pin.
The detector then measured at three locations within the area populated by cells and at 3
locations in a cell free area of the dish. The accumulation was calculated at each
measurement by subtracting minimum from maximum activity values
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Figure2.
(A) [®°™Tc]-pertechnetate accumulation was measured after 30 min in stably transfected

HCT116 cells (polyclonal and 22 clones) and in untransfected control cells (n=1). HCT116-
hNIS-polyclonal cells concentrated [*¥™MTc]-pertechnetate 5-fold compared to the HCT116
untransfected control. HCT116-hNIS-clone 6 showed very low accumulation and HCT116-
hNI1S-clone 19 showed the highest accumulation of all 22 clones and concentrated [%¥MTc]-
pertechnetate 24-fold more effectively than untransfected cells. (B) [2°™Tc]-pertechnetate
accumulation in HCT116 control cells, hNIS-polyclonal, hNIS-clone 6 and hNIS-clone 19
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(with and without sodium perchlorate) was followed in real time for 44 min (after the
addition of radiotracer at 6 min) using LigandTracer. hNIS-clone 6, hNIS polyclonal and the
parent cell line HCT116 all showed low accumulation of [*9™Tc]-pertechnetate whilst
HCT116-hNIS-C19 concentrated the tracer about 20-fold more strongly and this
accumulation was effectively blocked by sodium perchlorate.
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Figure 3.
Time course of radiotracer accumulation in HCT116-hNIS-C19 and FRTLS5 cells (with or

without a sodium perchlorate block) and HCT116 cells. Figures show the accumulation of
(A) [#9MTc]-pertechnetate, (B) [188Re]-perrhenate and (C) [18F]-tetrafluoroborate in real
time using the LigandTracer. Data represent the mean of two independent experiments for
each tracer.
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B [99MTc]-pertechnetate
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Figure 4.
Percent accumulation of [99MTc]-pertechnetate, [188Re]-perrhenate and [18F]-

tetrafluoroborate. The accumulation of radiotracers in HCT116-hNIS-C19 cells and FRTL5
cells was calculated as a percentage of total activity (with and without a 10 pM sodium
perchlorate block), and HCT116 cells. Results represent the mean + 1 sd of two independent
experiments for each tracer.
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Figure5.

In?ﬂbition of [18F]-tetrafluoroborate (A) and [#9™Tc]-pertechnetate (B) accumulation in C19
cells by cold sodium tetrafluoroborate. Tetrafluoroborate concentration was adjusted to
correct for the concentration of tetrafluoroborate added in the radiotracer. Sigmoid curves
were fitted by non-linear regression using GraphPad Prism 5.0 software using the four
parameter variable Hill slope equation. The 1C50s were calculated to be 1.6 x 10 and 7.4 x
107 M for inhibition of tetrafluoroborate and pertechnetate accumulation, respectively.
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