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Sigma receptors are expressed in a wide variety of tumor cell lines, and are expressed in proliferating
cells. A radioligand for the visualization of sigma receptors could be useful for selective detection
of primary tumors and their metastases, and for non-invasive assessment of tumor proliferative
status. To this end we evaluated two sigma receptor ligands, [11C]SA5845 and [11C]SA4503. In an
in vitro study, AH109A hepatoma showed moderate densities of sigma1 and sigma2 receptors, and
VX-2 carcinoma showed a high density of sigma2 receptors: Bmax (fmol/mg protein) for sigma1 vs.
sigma2, 1,700 vs. 1,200 for AH109A hepatoma and 800 vs. 10,000 for VX-2 carcinoma. In a cell
growth assay in vitro, neither SA5845 nor SA4503 (<10 µM) showed any inhibitory effect on
proliferation of the AH109A hepatoma cells. In rats, the uptake of [11C]SA5845 and [11C]SA4503
in AH109A tissues was accumulated over the first 60 minutes; however, the uptake of both tracers
increased by co-injection with haloperidol as a sigma receptor ligand. On the other hand, in the PET
studies of rabbits, the uptake of [11C]SA5845 in the VX-2 carcinoma was relatively higher than that
of [11C]SA4503, because of a much higher density of sigma2 receptors compared to sigma1
receptors in the VX-2 tissue, and the uptake of both tracers in the VX-2 tissue was decreased by
carrier-loading and pre-treatment with haloperidol ([11C]SA5845, 53% and 26%, respectively;
[11C]SA4503, 41% and 22%, respectively at 30 minutes after injection). Therefore, [11C]SA5845
and [11C]SA4503 may be potential ligands for PET imaging of sigma receptor-rich tumors.
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INTRODUCTION
SIGMA RECEPTORS are widely distributed throughout the
brain,1 and are also found in endocrine, immune, and other
peripheral organs.1–4 Furthermore, sigma receptors are
expressed in a variety of tumor cell lines,5,6 and in proliferating cells.7–9 Sigma2 receptors in particular are
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expressed at high densities in a variety of tumor cell
lines, and are increased in rapidly proliferating cells9,10
and apoptosis.11,12 Thus, a radioligand for the visualization of sigma receptors could be useful for the selective
detection of primary tumors and their metastases, for
non-invasive assessment of tumor proliferative status,
and for the measurement of the sigma receptor occupancy
of novel and established antineoplastic drugs. Therefore,
several sigma receptor ligands have been synthesized
and evaluated for positron emission tomography (PET)
studies.13–20 Furthermore, several sigma receptor ligands
have cytotoxic effects on tumor cells expressing sigma
receptors, suggesting antitumor agents.11,21,22
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For PET studies, we have developed 11C-labeled 1(3,4-dimethoxyphenethyl)-4-(3-phenylpropyl)piperazine
([11C]SA4503)23–27 as a sigma1-selective radioligand (IC50,
17 nM for sigma1 and 1,800 nM for sigma2),28 and its
fluorinated analog [11C]1-(3,4-dimethoxyphenethyl)-4[3-(4-fluorophenyl)propyl]piperazine ([11C]SA5845)23 as
a high affinity non-subtype selective radioligand (IC50, 33
nM for sigma1 and 9.5 nM for sigma2).23,29 Successful
imaging of the sigma1 receptor in the human brain by PET
with [11C]SA450330 encouraged us to further develop
[18F]fluorinated analogs of SA4503 and SA5845.23,31,32
Furthermore, 1-(4-[ 18 F]fluoroethoxy-3-methoxyphenethyl)-4-[3-(4-fluorophenyl)propyl]piperazine
([18F]FE-SA5845) (IC50, 3.1 nM for sigma1 and 6.8 nM
for sigma2)23 and [11C]SA4503 were applied in a feasibility study for tumor imaging. In nude rats bearing the C6
glioma, [18F]FE-SA5845 was taken up by the C6 glioma
at a higher level than [11C]SA4503 and the receptorspecific bindings of [18F]FE-SA5845 and [11C]SA4503
were 60% and 34% of the total radioactivity uptake.33 The
uptake of [18F]FE-SA5845 was reduced in quiescent cells
in vitro, in contrast to the binding of [11C]SA4503.33 This
result suggests that the uptake mechanism of the nonselective sigma receptor ligand [18F]FE-SA5845 in tumors is different from that of the sigma1 receptor ligand
[11C]SA4503. Furthermore, a study with [11C]SA4503 in
a human volunteer indicated relatively low background in
thorax and lower abdomen,33 suggesting the potential of
[11C]SA4503 as a tumor imaging agent in the detection of
pulmonary and abdominal tumors.
In this study, we evaluated the potential of [11C]SA5845
and [11C]SA4503 for tumor imaging using two different
tumor models: AH109A hepatoma-bearing rats and VX2 carcinoma-bearing rabbits. VX-2 carcinoma has a much
higher density of sigma2 receptors but a lower density of
sigma1 receptors compared to AH109A hepatoma. Also,
we focused on the different mechanism of tumor uptake
between a selective sigma1 receptor ligand [11C]SA4503
and a relatively selective sigma 2 receptor ligand
[ 11C]SA5845 compared with [18F]FE-SA5845. Furthermore, the effect of cold ligands on proliferation of the
AH109A hepatoma cells was also investigated in vitro,
because Moody et al. suggested a relationship between
tumor imaging potential and cytotoxicity.37

mmol) were purchased from NENTM Life Science Products (Boston, MA).
[11C]SA5845 and [11C]SA4503 were prepared by methylation of the respective 4-O-demethyl compound with
[11C]methyl iodide as previously described.23,24 The specific activity of [11C]SA5845 and [11C]SA4503 was 55–
298 TBq/mmol at end-of-bombardment.
Male Donryu rats (8–9 weeks old, 200–307 g) and
female Japanese white rabbits bearing VX-2 carcinoma
(shope papilloma) on the thigh (13–16 weeks old, 2.0–2.7
kg) were purchased from Tokyo Laboratory Animals Co.
Ltd. (Tokyo, Japan). The rats bearing AH109A hepatoma
were prepared by subcutaneous inoculation of 0.1 ml
suspension of AH109A ascitic hepatoma cells (approximately 107 cells) in the thigh.34 The rats were used for the
following experiments 7–10 days after inoculation. The
animal studies were approved by the Animal Care and Use
Committee of the Tokyo Metropolitan Institute of Gerontology.

MATERIALS AND METHODS

In vitro measurement of sigma1 and sigma2 receptors in
tumor tissues
Sigma1 and sigma2 receptors in the AH109A hepatoma or
VX-2 carcinoma tissues were measured by membrane
binding assays. The tumors were removed from the rats
and rabbits and homogenized in eight volumes (w/v) of
ice-cold 50 mmol/l Tris-HCl buffer (pH 7.7 at 25°C)
containing 0.32 mol/l sucrose with a teflon-glass homogenizer. The homogenates were centrifuged at 1,000 × g
for or 10 minutes at 4°C, and the supernatant was collected
and centrifuged at 47,000 × g for 20 minutes at 4°C. The
resulting membrane pellets were re-suspended with 20
volumes (w/v) of ice-cold 50 mmol/l Tris-HCl buffer (pH
7.7 at 25°C) containing 0.32 mol/l sucrose. Sigma1 and
sigma2 receptor binding assays were performed by the
methods previously described.23,28 Radioligands used for
the binding assay were [3H](+)-pentazocine for the sigma1
receptors and [3H]DTG in the presence of 100 nmol/l (+)pentazocine for the sigma2 receptors. Incubations were
carried out in triplicate at 37°C for 150 minutes in the
binding study with [3H](+)-pentazocine, and at 25°C for
90 minutes in the study with [3H]DTG.
Kd and Bmax values were determined using the computerized interactive curve-fitting program GraphPad Prism®
version 3.0c for Macintosh (GraphPad Software, San
Diego, CA).

General
1 - ( 3 , 4 - D i m e t h o x y p h e n e t h y l ) - 4 - [ 3 - ( 4 - fl u o r o phenyl)propyl]piperazine (SA5845), 1-(3,4-dimethoxyphenethyl)-4-(3-phenylpropyl)piperazine (SA4503) and
(+)-pentazocine were prepared by Santen Pharmaceutical
Co. Ltd. (Osaka, Japan). Haloperidol (SerenaceR) was
purchased from Dainippon Pharmaceutical Co. Ltd.
(Osaka, Japan). [3H](+)-Pentazocine (1.04 TBq/mmol)
and [3H]1,3-di-o-tolylguanidine ([3H]DTG, 1.11 TBq/

AH109A hepatoma cell growth inhibition assay
CellTiter-Glo Luminescent Cell Viability Assay Kit
(Promega, Madison, WI) was used to determine the effect
of SA5845 and SA4503 on cell proliferation in the AH109A
hepatoma cells. One hundred microliters of an exponentially growing cell suspension (2 × 103 cells) was seeded
into a 96-well plate. The following day, various concentrations (0, 1, 5 and 10 µM) of SA5845 or SA4503 were
added. After incubation for 72 h at 37°C, 100 µl of
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Table 1 Binding parameters of sigma1 and sigma2 receptor in the AH109A hepatoma and VX-2 carcinoma
Sigma2 receptor#

Sigma1 receptor*

AH109A
VX-2

Kd
(nM)

Bmax
(fmol/mg protein)

Kd
(nM)

Bmax
(fmol/mg protein)

86 ± 18
45 ± 20

1,700 ± 240
810 ± 210

23 ± 1.9
27 ± 2.0

1,200 ± 46
10,000 ± 370

Values are the average of 3 experiments ± S.D.
*Membranes were incubated using [3H](+)-pentazocine for 90 minutes at 25oC.
#Membranes were incubated using [3H]DTG for 150 minutes at 37oC in the presence of (+)-pentazocine to mask sigma
1
receptors.

uptake was measured as %ID/g as described above.

Fig. 1 The effect of SA5845 and SA4503 on proliferation of
AH109A hepatoma cells in vitro. Cell densities were evaluated
in triplicate by a luminescent assay, and expressed as a percentage of the control (average ± S.D.).

CellTier-Glo Reagent was added to each well and the
plates were shaken gently for 2 minutes. After incubation
for 10 min at room temperature, luminescence was
measured using a multilabel counter (Wallac, Tokyo,
Japan).35 Each experiment was done using three replicate
wells for each drug concentration.
Tissue distribution in AH109A hepatoma-bearing rats
[11C]SA5845 (11 MBq/0.30 nmol) or [11C]SA4503 (17
MBq/0.29 nmol) was intravenously injected into rats
bearing the AH109A hepatoma. The rats were sacrificed
by cervical dislocation at 5, 15, 30 and 60 minutes after
injection (n = 5). The blood was collected by heart puncture, and the brain, lung, liver, spleen, kidney, muscle and
AH109A tissues were harvested and weighed. The radioactivity of 11C in the samples was measured with a gamma
scintillation counter. The tissue uptake of 11C was expressed as the percentage of the injected dose per gram of
tissue (%ID/g).
To determine receptor-specific uptakes, the non-subtype selective sigma receptor ligand haloperidol was used
as a blocking agent. [11C]SA5845 (11 MBq/0.30 nmol) or
[11C]SA4503 (10 MBq/0.53 nmol) was co-injected with
haloperidol (1 mg/kg), and 30 minutes later rats were
sacrificed by cervical dislocation (n = 5). The tissue
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Metabolite analysis in AH109A hepatoma-bearing rats
[11C]SA5845 (85–98 MBq/1.2–1.3 nmol) or [11C]SA4503
(140–170 MBq/1.7–2.0 nmol) was intravenously injected
into rats, and 30 minutes later rats were sacrificed by
cervical dislocation. Blood was removed by heart puncture using a heparinized syringe, and AH109A tissue was
harvested. The blood was centrifuged at 7,000 × g for 1
minute at 4°C to obtain plasma, which was then treated
with acid-deproteinization as previously described.23 The
AH109A tissue was homogenized in 1 ml of 20% trichloroacetic acid in acetonitrile/water (1/1, v/v). The homogenate was then treated with the same acid-deproteinization
method as the plasma. The combined supernatant was
analyzed by high-performance liquid chromatography
with a radioactivity detector (FLO-ONE/Beta A200,
Packard, Meriden, CT). A Radial-Pak C18 column
equipped in an RCM 8 × 10 module (8 mm × 100 mm,
Waters, Milford, MA) was used with a mixture of acetonitrile and 50 mmol/l sodium acetate buffer (pH 6.0) (40/
60, v/v) at a flow rate of 2 ml/minute.
PET measurement
PET measurement was performed in two rats bearing the
AH109A hepatoma and four rabbits bearing the VX-2
carcinoma with a model SHR-2000 PET camera
(Hamamatsu Photonics K.K., Hamamatsu, Japan) as previously described.36 The camera provides a set of 7-slice
images at center-to-center intervals of 6.5 mm with an
image spatial resolution of 4.0 mm full width at half
maximum, and an axial resolution of 5.0 mm full width at
half maximum.
Each rat was anesthetized with isoflurane (2.0%) and
was fixed in a prone position on the bed of the camera.
After a transmission scan to correct for attenuation,
[11C]SA5845 (14 MBq/1.28 nmol) or [11C]SA4503 (19
MBq/0.12 nmol) was intravenously injected into the rats,
and a time-sequential tomographic scan was performed
for 60 minutes (60 frames per 60 minutes). Forty-five
minutes after the first PET scan, the rats were treated by
intravenous injection of haloperidol (1 mg/kg), then 15 or
20 minutes later [11C]SA5845 (15 MBq/0.45 nmol) or
[11C]SA4503 (20 MBq/0.33 nmol) was injected, and a
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Table 2 Tissue distribution of radioactivity after intravenous injection of [11C]SA5845
in rats bearing the AH109A hepatoma
Uptake (%ID/g)*
Brain
Lung
Liver
Spleen
Kidney
Muscle
Blood
Tumor

5 min

15 min

30 min

60 min

0.94 ± 0.12
4.25 ± 0.52
0.73 ± 0.31
0.84 ± 0.27
2.45 ± 0.75
0.40 ± 0.12
0.09 ± 0.01
0.24 ± 0.08

0.88 ± 0.29
2.69 ± 0.17
1.11 ± 0.29
0.90 ± 0.10
2.26 ± 0.25
0.35 ± 0.10
0.06 ± 0.004
0.26 ± 0.06

0.89 ± 0.04
1.85 ± 0.42
1.45 ± 0.54
1.02 ± 0.25
2.43 ± 0.45
0.28 ± 0.05
0.04 ± 0.01
0.37 ± 0.04

0.98 ± 0.07
1.49 ± 0.21
1.63 ± 0.20
0.95 ± 0.08
2.29 ± 0.21
0.23 ± 0.03
0.03 ± 0.01
0.49 ± 0.05

*Uptake values are represented as mean percentage of the injection dose per gram of tissue (%ID/g) ± S.D.
(n = 5).
Table 3 Tissue distribution of radioactivity after intravenous injection of [11C]SA4503
in rats bearing the AH109A hepatoma
Uptake (%ID/g)*
Brain
Lung
Liver
Spleen
Kidney
Muscle
Blood
Tumor

5 min

15 min

30 min

60 min

0.99 ± 0.12
3.17 ± 0.88
3.84 ± 0.62
0.92 ± 0.12
3.33 ± 0.21
0.30 ± 0.04
0.17 ± 0.01
0.30 ± 0.08

0.92 ± 0.07
1.60 ± 0.29
4.00 ± 1.39
1.05 ± 0.10
2.89 ± 0.28
0.22 ± 0.04
0.07 ± 0.01
0.50 ± 0.17

0.87 ± 0.07
1.08 ± 0.18
5.35 ± 2.21
1.13 ± 0.13
2.52 ± 0.17
0.16 ± 0.02
0.07 ± 0.02
0.60 ± 0.23

0.69 ± 0.15
0.70 ± 0.15
5.73 ± 1.34
0.81 ± 0.18
1.78 ± 0.18
0.11 ± 0.04
0.05 ± 0.01
0.67 ± 0.19

*Uptake values are represented as mean percentage of the injection dose per gram of tissue (%ID/g) ± S.D.
(n = 5).

Table 4 Effects of co-injection of haloperidol on tissue radioactivity at 30 minutes after intravenous injection
of [11C]SA5845 or [11C]SA4503 into rats bearing the AH109A hepatoma
[11C]SA5845
Brain
Lung
Liver
Spleen
Kidney
Muscle
Blood
Tumor
T/B#
T/M$

[11C]SA4503

Control

Haloperidol

Control

Haloperidol

0.89 ± 0.04
1.85 ± 0.42
1.45 ± 0.54
1.02 ± 0.25
2.43 ± 0.45
0.28 ± 0.05
0.04 ± 0.01
0.37 ± 0.04
9.7
1.3

0.34 ± 0.03*
1.15 ± 0.49*
1.81 ± 0.20
1.03 ± 0.14
0.86 ± 0.09*
0.17 ± 0.04*
0.11 ± 0.01*
0.60 ± 0.15*
5.6
3.5

0.86 ± 0.08
1.27 ± 0.21
3.11 ± 0.84
0.91 ± 0.09
2.52 ± 0.36
0.23 ± 0.04
0.05 ± 0.01
0.44 ± 0.17
8.8
1.9

0.31 ± 0.02*
0.83 ± 0.08*
3.08 ± 0.18
0.89 ± 0.15
0.84 ± 0.03*
0.17 ± 0.02*
0.16 ± 0.01*
0.74 ± 0.13*
4.7
4.5

Uptake values are represented as mean percentage of the injection dose per gram of tissue (%ID/g) ± S.D.
(n = 5). *p < 0.05 (Student’s t-test, compared with control).
#The uptake ratio of tumor to blood.
$The uptake ratio of tumor to muscle.

second 60-minute PET scan was performed.
In the rabbits, four PET scans were successively performed in the same day: two baseline scans for each tracer
followed by the other two scans in the haloperidol-block-
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ade. The rabbits were anesthetized with isoflurane (1.5–
2.0%) and were fixed in a semi-prone position on the bed
of the camera. After a transmission scan, [11C]SA4503
(26 MBq/0.28 nmol) was intravenously injected, and a
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Fig. 2 Images of AH109A hepatoma-bearing rats by PET with [11C]SA5845 (A) and [11C]SA4503 (B)
in the baseline and haloperidol-pretreatment (1 mg/kg) condition. Two PET scans in (A) or (B) were
performed in the same individual rat. The rat was fixed in a prone position on the bed of the camera. The
PET images were acquired for 20 minutes starting at 40 minutes after injection.

time-sequential tomographic scan was performed for 60
minutes (60 frames per minute). Sixty minutes later, the
second 60-minute PET scan with [11C]SA5845 (86 MBq/
0.78 nmol) was performed. Forty-five minutes after the
second 60-minute PET scan, haloperidol (1 mg/kg) was
intravenously injected, and 15 minutes later the third 60minute PET scan with [11C]SA4503 (94 MBq/0.87 nmol)
was performed. Sixty minutes after the third scan, the
fourth 60-minute PET with [11C]SA5845 (97 MBq/1.1
nmol) scan was performed.
In each of the other two rabbits, two PET scans were
successively performed in baseline scan and carrier-loading conditions. After a transmission scan, a 60-minute
PET scan with [11C]SA5845 (106 MBq/5.7 nmol) or
[11C]SA4503 (117 MBq/2.4 nmol) was performed. Sixty
minutes later, [ 11C]SA5845 (98 MBq/3.9 nmol) or
[11C]SA4503 (108 MBq/2.2 nmol) was intravenously coinjected with cold SA5845 (1 mg/kg) or cold SA4503 (1
mg/kg), and a second 60-minute PET scan was performed.
To measure the time-activity curves, the regions of
interest (ROIs) were placed on the AH109A and VX-2
tissues, and muscle based on PET images. The location of
the tissues was confirmed by tissue dissection after the
PET measurement. The decay-corrected radioactivity
values were expressed as a percentage of the injected dose
per ml of tissue volume (%ID/ml).

Fig. 3 Time-radioactivity curves of the AH109A hepatoma
after intravenous injection of [11C]SA5845 (A) or [11C]SA4503
(B) in the baseline and haloperidol-pretreatment (1 mg/kg)
condition (n = 1). Two PET scans in (A) or (B) were performed
in the same individual rat.

hepatoma (1,200 fmol/mg protein). The Kd values for
sigma2 receptors were smaller than those for sigma1
receptors in both the AH109A hepatoma and VX-2 carcinoma.
AH109A hepatoma cell growth inhibition assay
The effects of SA5845 and SA4503 on proliferation of
AH109A hepatoma cells are summarized in Figure 1.
There are no significant difference between control and
less than 10 µM SA5845 and SA4503. SA4503 showed
a little tendency of growth inhibition.

RESULTS
In vitro measurement of sigma1 and sigma2 receptors in
tumor tissues
Table 1 summarizes the sigma1 and sigma2 receptor
densities in the AH109A hepatoma and VX-2 carcinoma
as determined in our experiments. The AH109A hepatoma
was found to express a moderate density of two sigma
receptor subtypes. In the VX-2 carcinoma the density of
sigma2 receptors (10,000 fmol/mg protein) was over tenfold that of sigma1 receptors (810 fmol/mg protein), and
eight-fold that of sigma 2 receptors in the AH109A
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Tissue distribution in AH109A hepatoma-bearing rats
The tissue distribution of radioactivity after injection of
[11C]SA5845 and [11C]SA4503 into rats bearing the
AH109A hepatoma is summarized in Tables 2 and 3,
respectively. Both tracers showed similar distribution
patterns in the lung, spleen, blood and AH109A tissue. In
the brain, the uptake of [11C]SA4503 decreased over 60
minutes; however, that of [11C]SA5845 increased or remained constant from 15 to 60 minutes. In the kidney, the
uptake of [11C]SA4503 decreased over 60 minutes; however, that of [11C]SA5845 remained at a high level over 60
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Fig. 4 Images of VX-2 carcinoma-bearing rabbits by PET with [11C]SA5845 (A) and [11C]SA4503 (B)
in the baseline and haloperidol-pretreatment (1 mg/kg) condition. PET scans were performed in the same
rabbit. The rabbit was fixed in a semi-prone position on the bed of the camera. The PET images were
acquired for 20 minutes starting at 40 minutes after injection.

minutes. In the liver, the uptake of [11C]SA4503 was
much higher than the uptake of [11C]SA5845 over 60
minutes. The tracers uptake increased in the AH109A
tissue and liver over the first 60 minutes, while uptake
levels decreased in the lung, muscle, and blood from 5 to
60 minutes.
The effects of co-injection with haloperidol on the
tissue distribution of radioactivity 30 minutes after the
intravenous injection of [11C]SA5845 or [11C]SA4503
into rats bearing the AH109A hepatoma are summarized
in Table 4. After co-injection with haloperidol, the radioactivity levels of both tracers significantly decreased in
the brain, kidney, and muscle. However, the radioactivity
levels of the tracers in the AH109A tissue and blood were
significantly increased by the haloperidol treatment. The
AH109A-to-blood ratios significantly decreased; however, the AH109A-to-muscle ratios increased.
Metabolite analysis in AH109A hepatoma-bearing rats
Metabolite analysis was carried out in AH109A tissues
and plasma 30 minutes after injection. The recovery of the
radioactivity in the HPLC analysis was essentially quantitative. Percentages of unchanged [11C]SA5845 and
[11C]SA4503 were 95.4 ± 1.9% and 90.3 ± 2.6% (n = 3),
respectively, in AH109A tissue and 75.1 ± 7.9% and 81.0
± 2.7% (n = 3), respectively, in plasma.
PET measurement
Figure 2 shows PET images of the AH109A hepatoma on
the thigh with [11C]SA5845 and [11C]SA4503 in rats fixed
in a prone position on the bed. Both tracers showed a high
uptake in the AH109A tissue; however, uptake in the
AH109A tissue could not be blocked by pretreatment with
haloperidol, as shown in the time-activity curves (Fig. 3).
Figure 4 shows PET images of the VX-2 carcinoma on
the thigh with [11C]SA5845 and [11C]SA4503 in rabbits
fixed in a semi-prone position on the bed. PET with each
of the two tracers clearly visualized VX-2 tissue, and
uptake of [11C]SA5845 in the VX-2 tissue was higher than
that of [11C]SA4503. However, PET images with each of
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Fig. 5 Time-radioactivity curves of the VX-2 carcinoma after
intravenous injection of [11C]SA5845 (A) or [11C]SA4503 (B)
in the baseline and haloperidol-pretreatment (1 mg/kg) condition, and after intravenous injection of [11C]SA5845 (C) or
[11C]SA4503 (D) in the baseline and carrier-loading (1 mg/kg)
condition. Four PET scans in (A) and (B) were performed in the
same rabbit and two PET scans in (C) or (D) were performed in
each of the two other rabbits.

the two tracers on the central regions of the VX-2 tissues
were not well visualized because the central regions of the
VX-2 tissues were necrotic. The pretreatment with haloperidol clearly decreased the uptake of each of the two
tracers in the VX-2 tissue.
Figure 5 shows time-radioactivity curves for the VX-2
tissue of the rabbits. The radioactivity level of both tracers
in the VX-2 tissue increased for the first 10 minutes and
remained constant in the baseline measurement. The
uptake level of [11C]SA5845 in the VX-2 carcinoma was
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Table 5 Specific binding of [11C]SA5845, [11C]SA4503, [18F]FE-SA5845 and 2-[18F]FBP in various tumors
Tumor (animal)

Sigma receptor density
Bmax (fmol/mg protein)

[11C]SA5845
[11C]SA4503

VX-2 carcinoma (rabbit)

[11C]SA4503
[18F]FE-SA5845

C6 glioma (rat)

2-[18F]FBP

Human breast
adenocarcinoma (mouse)

Tracer

Specific binding (%)

Ref.

Haloperidol

Carrier-loading

11,000

26* (n = 2)
22* (n = 1)

53* (n = 1)
41* (n = 1)

11,000$

34# (n = 3)
60# (n = 5)

[33]
[33]

9,100†

44# (n = 2)

[41]

*Mean values acquired from 25 to 35 minutes after injection of the tracer; #Values are represented as mean values at 60 minutes after
injection of the tracer; $ref. [40]; †Ref. [42].

relatively higher than that of [11C]SA4503. In the haloperidol-pretreatment condition, the initial uptake of
[11C]SA5845, but not [11C]SA4503, in the VX-2 tissue
was slightly lower than that in the baseline and the
radioactivity levels of both tracers decreased with time. In
contrast to the haloperidol-pretreatment, carrier-loading
showed much larger blocking effects for both tracers
(Table 5).
DISCUSSION
Sigma receptors are expressed in a wide variety of tumor
cell lines,5,6 and generally the densities of sigma2 receptors are higher than those of sigma1 receptors.6 Therefore,
high affinity sigma2 receptor radioligands are particularly
useful for the imaging of tumors by PET or SPECT. In this
study, we found that both sigma1 and sigma2 receptor
subtypes are expressed in the AH109A hepatoma and
VX-2 carcinoma implanted in rats and rabbits, respectively. The density of sigma2 receptors in the VX-2 carcinoma was much higher than that of sigma1 receptors, and
also much higher than that of sigma2 receptors in the
AH109A hepatoma. In AH109A hepatoma cells in vitro,
little growth inhibition was observed using 1 or 5 or 10 µM
SA5845 and SA4503, although there was a tendency to
dose-dependent growth inhibition with the use of less than
10 µM SA4503. Recently, in the tumor cell growth studies
of sigma receptor ligands, N-(2-(piperidino)ethyl)-2iodobenzamide (2-IBP) and (2-piperidinyl-aminoethyl)4-iodobenzamide (IPAB), little growth inhibition was observed using 0.1 or 1 µM IPAB, whereas proliferation was
inhibited by 50% using 10 µM IPAB or 20 µM 2-IPB in
NCI-N417 small cell lung cancer cells.37 Furthermore,
treatment with 10 µM haloperidol or 10 µM DTG reduced
colony formation by approximately 90% in NCI-N417
small cell lung cancer cells.37 Therefore, SA4503 and
SA5845 may have a much less inhibitory effect on proliferation of tumor cells than other sigma receptor ligands
such as 2-IBP, IPAB, haloperidol and DTG, although the
tumor cell lines investigated were not the same.
In the AH109A hepatoma inoculated rats in vivo, both
[11C]SA5845 and [11C]SA4503 increased over 60 min-
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utes after injection; however, no blocking effects were
found by the haloperidol-pretreatment. Instead, an enhanced uptake of both tracers was found in the AH109A
hepatoma. A possible explanation may be the blocking of
binding sites in normal organs by haloperidol as shown in
the brain, kidney and lung, together with the relatively
lower densities of sigma receptors in the AH109A hepatoma than in other tumors, as discussed later. On the
other hand, clear specific binding was found in the brain,
whereas the receptor densities in the brain (sigma1 receptors, 74–200 fmol/mg protein; sigma2 receptors, 110–300
fmol/mg protein)38 were lower than that in the AH109A
hepatoma. In the present study, the radioactivity level of
blood increased by about 3 fold, which resulted in an
increased influx of radioligands from the blood to the
AH109A hepatoma. Therefore, the absence of any blocking effect of haloperidol in the AH109A hepatoma may be
explained by interference from an increased influx of
radioligands from the blood, because the blood fraction in
the tumor was generally higher than that in the brain. At
30 minutes after the injection of both tracers, a high
percentage of the radioligands was still in the form of their
parent compounds ([11C]SA5845, 95%; [11C]SA4503,
90%) in the AH109A tissue. Therefore, it is suggested that
the increased uptake of both tracers by treatment with
haloperidol may not be related to the uptake of metabolites. Regarding tumor imaging potential of sigma receptor radioligands, a similar result was also observed in the
study of another sigma1-selective radioligand [18F]1-(3fluoropropyl)-4-(4-cyanophenoxymethyl)piperidine using
a different animal model,39 suggesting that the tumor
uptake of these tracers could be due to factors other than
the binding of sigma receptors.
In the VX-2 carcinoma, the uptake of [11C]SA5845 was
higher than that of [11C]SA4503, and the receptor-specific binding of [11C]SA5845 was also higher than that of
[11C]SA4503: 26% vs. 22% in the haloperidol-treatment
and 53% vs. 41% in the carrier-loading measurement.
Because the VX-2 carcinoma has a much higher density
of sigma2 receptors compared with sigma1 receptors,
these differences are mainly due to the higher affinity of
[ 11C]SA5845 for sigma 2 receptors compared with
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[11C]SA4503. It is noted that the blocking effects of
haloperidol and carrier-loading were different, although,
both treatments showed similar blocking effects in the rat
brain.23 The findings suggest that there are tracer-specific
binding sites in the VX-2 tissue and/or unknown mechanisms of tracer accumulation.
The different results between the AH109A hepatoma
and VX-2 carcinoma may be explained by a difference in
the density of sigma receptors. The VX-2 carcinoma has
a much higher density of sigma2 receptors than the AH109A
hepatoma. Recently, we demonstrated specific-binding of
[11C]SA4503 and [18F]FE-SA5845 to sigma receptors in
the C6 rat glioma.33 The percentage of receptor specific
binding of [11C]SA4503 and [18F]FE-SA5845 in the haloperidol-treatment was 34% and 60%, respectively (Table
5). The sigma receptor density of the C6 rat glioma (Bmax
= 11,000 fmol/mg protein)40 was higher than that of the
AH109A hepatoma (Bmax = 1,700 and 1,200 fmol/mg
protein for the sigma1 and sigma2 binding sites, respectively). Therefore, it is considered that in vivo specific
binding for sigma receptors is relatively higher in sigma
receptor-rich tumors and less masked by the effect of
an increased influx of blood to tumor. In the case of
another sigma1-selective receptor radioligand, N-(Nbenzylpiperidin-4-yl)-2-[ 18 F]fluorobenzamide (2[18F]FBP),41 the uptake of 2-[18F]FBP in human breast
tumor decreased after pretreatment with haloperidol at 60
and 120 minutes after injection of 2-[18F]FBP into mice.
The sigma receptor density of the human breast tumor
(Bmax = 9,000 fmol/mg protein)42 was also higher than that
of the AH109A hepatoma. However, the specific binding
of [11C]SA5845 and [11C]SA4503 in the VX-2 carcinoma
was lower than that of [11C]SA4503 and [18F]FE-SA5845
in the C6 rat glioma or that of 2-[18F]FBP in the human
breast tumor (Table 5). The different results may be
explained by the affinity of the radioligand for the sigma
receptors. FE-SA5845 (IC50 for sigma1, 3.1 nM; IC50 for
sigma2, 6.8 nM)23 and 2-FBP (Ki for sigma1, 3.4 nM; Ki
for sigma2, 406 nM)16 have a higher affinity for the sigma
receptor than SA5845 (IC50 for sigma1, 33 nM; IC50 for
sigma2, 9.5 nM)23 and SA4503 (IC50 for sigma1, 17 nM;
IC50 for sigma2, 1,800 nM).28 On the other hand, the
specific binding of [11C]SA4503 in the VX-2 carcinoma
was lower than that in the C6 glioma. This effect may be
explained by species differences between rabbits with the
VX-2 carcinoma and rats with the C6 glioma.
In conclusion, [11C]SA5845 and [11C]SA4503 may be
potential ligands for PET imaging of sigma receptor-rich
tumors. However, [11C]SA5845 and [11C]SA4503 may
be inferior to [18F]FE-SA5845 or 2-[18F]FBP. The exact
mechanism of tumor uptake is still unclear, as shown in
the AH109A hepatoma, and needs further investigation.
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