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INTRODUCTION

THE GLUCOSE ANALOG, 18F-2-deoxy-2-fluoro-D-glucose (18F-
FDG), is widely used as a tumor-detecting agent. Positron
emission tomography (PET) studies with 18F-FDG have
demonstrated its usefulness in clinical oncology prac-

tice.1,2 However, 18F-FDG accumulates highly not only in
tumor but also in inflammation.3–6 This nonspecific
accumulation of 18F-FDG leads to false-positive results
and reduces diagnostic specificity.7 Several methods to
increase the contrast between tumor and inflammation
have been proposed for 18F-FDG-PET, i.e., dual-time-
point 18F-FDG-PET imaging,8 delayed 18F-FDG-PET
imaging,9 and insulin and glucose loading.10 However, all
of these methods have had limited success.

In tumor cells, amino acid metabolism is enhanced, and
amino acid transport and the rate of protein synthesis
increase.11–13 On the other hand, inflammatory cells do
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not take up amino acids much, compared with 18F-
FDG.14–16 These properties suggest possible advantages
of amino acid tracers over 18F-FDG in tumor imaging at
least with respect to the specificity. Various amino acids
have been labeled for tumor detection and investigated for
their clinical efficacy in oncology.17,18

18F-labeled tyrosine analogs such as O-(2-[18F]fluoro-
ethyl)-L-tyrosine (18F-FET),19–21 L-3-[18F]fluoro-α-
methyl tyrosine22,23 and 2-[18F]fluoro-L-tyrosine,24 have
been developed. Recently, the synthesis of O-
[18F]fluoromethyl-L-tyrosine (18F-FMT), has been re-
ported as a new tumor-detecting agent by Iwata et al.25

The preparation of 18F-FMT was simple with high radio-
chemical yields and consequently suitable for routine
production.

The aim of this study was to assess the potency of 18F-
FMT for the differentiation between tumor and inflamma-
tory tissues using animal models with implanted tumor
and experimentally induced aseptic and bacterial inflam-
matory tissues, in comparison with 2-deoxy-D-[1-
14C]glucose (14C-DG).

MATERIALS AND METHODS

The animal studies were carried out following the guide-
lines and with the permission of the Animal Ethical
Committees of the Cyclotron and Radioisotope Center,
Tohoku University.

The methods of 18F-FMT labeling with 18F were re-
ported elsewhere.25 Briefly, 18F-FMT was labeled by
reacting trifluoromethyloxy triflate, a highly reactive la-
beling intermediate, with tyrosine disodium salt in DMSO
at room temperature. Radiochemical yield was from 75 to
87%, with an overall yield of 30–40%. The overall synthe-
sis time including HPLC purification was about 50 min.

Animal model
Male Donryu rats weighing 200 to 250 g (Japan SLC,
Japan) were used. They were fed food and water ad
libitum. An ascites hepatoma cell line, AH109A (Cell
Resource Center for Biomedical Research, Institute of
Development, Aging and Cancer, Tohoku University,
Japan) was used as a tumor model. The cells had been
maintained in the ascetic form by intermittent intraperito-
neal inoculations. AH109A cells of 5 × 106 were inocu-
lated subcutaneously into the left thigh of the rats 7 days
before the experiment. Ten microliters of turpentine oil
(Wako Pure Chemical Industries Co., Ltd., Japan) was
inoculated subcutaneously into the back of the same rat
twice in different locations 12 and 4 days before the
experiment (Day 12 and 4) to induce aseptic inflam-
mation. Bacterial inflammation was induced with sub-
cutaneous inoculation of 0.1 ml of the suspension of
Staphylococcus aureus (S. aureus) into the right thigh of
the rats 3 days before the experiment. A suspension of S.
aureus was prepared in sterile saline (1 × 109 CFU/ml)

according to the optical density determination based on
the standard curve obtained in the preliminary experi-
ment.

Histological examination of inflammatory tissues
Histological examination was performed in a separate rat,
bearing both aseptic and bacterial inflammatory foci in-
duced as above. The inflammation was confirmed micro-
scopically with hematoxylin-eosin (HE) stain.

Biodistribution study of 18F-FMT
Rats were injected intravenously with 1.85 MBq of 18F-
FMT in 0.2 ml saline via the tail vein, and sacrificed by
cervical dislocation at 5, 10, 30, 60 and 120 min after
injection. The tumor, aseptic inflammation, bacterial in-
flammation, blood, brain, heart, lung, pancreas, liver,
kidney, small intestine, muscle, bone, and urine were
partially or totally dissected immediately. The samples
were weighed and 18F radioactivities were measured with
a gamma counter (PerkinElmer, Inc., USA). The tissue
uptake except for the urine was expressed as a percentage
of the injected dose per gram of tissue (%ID/g). The radio-
activity in the urine was expressed as a percentage of the
injected dose (%ID).

Dual tracer whole-body autoradiography
A rat bearing both AH109A and two aseptic inflammatory
foci with turpentine oil (Day 12 and 4) was injected with
a mixture of 74 MBq of 18F-FMT and 185 kBq of 14C-DG
(American Radiolabeled Chemicals, Inc., USA) via the
tail vein, and was sacrificed with an overdose of diethyl
ether anesthesia at 60 min after injection. The rat was
embedded in 3% solution of carboxymethylcellulose so-
dium salt (Wako Pure Chemical Industries Co., Ltd.,
Japan) and was frozen in acetone-dry ice (−80°C). Fifty-
micrometer-thick rat sections were obtained with a
cryotome (Nakagawa Seisakusho Co., Ltd., Japan) at
−20°C and were collected on adhesive tape (Nakagawa
Seisakusho Co., Ltd., Japan). The sections were exposed
to the imaging plate (BAS-SR2025, Fuji Photo Film Co.,
Ltd., Japan) at −20°C for 45 min to produce 18F-FMT
images. The same samples were exposed to another
imaging plate again for 7 days to generate 14C-DG im-
ages, 4 days after the first exposure. Autoradiograms were
digitized using the Bio-Imaging Analyzer (BAS-5000,
Fuji Photo Film Co., Ltd., Japan).

Dual tracer macro autoradiography
Two rats bearing AH109A tumor, two aseptic inflamma-
tory foci induced by turpentine oil (Day 12 and 4) and a
bacterial inflammatory focus induced by S. aureus were
injected intravenously with a mixture of 18.5 MBq of 18F-
FMT and 185 kBq of 14C-DG via the tail vein, and
sacrificed 60 min after injection. Tumor, aseptic and
bacterial inflammatory tissues and the muscle were dis-
sected immediately, and each of them was embedded in
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the mounting gel (Tissue-Tek, Miles Inc., USA) and
frozen with a mixture of acetone and dry ice (−80°C). The
frozen samples were sliced to 30 µm thickness in the
cryostat (Carl Zeiss, Germany) at −20°C, and were
mounted on glass slides and air-dried. The sections were
exposed to an imaging plate at −20°C for 90 min to
produce 18F-FMT images. The same sections were ex-
posed to another imaging plate again for 7 days to gener-
ate 14C-DG images, 4 days after the first exposure. Auto-
radiograms were digitized using the Bio-Imaging Analyzer.

Regions of interest (ROIs) were drawn along the mar-
gins of the tissues in the 14C-DG image. The same ROIs
were applied to the 18F-FMT image. The photo-stimu-
lated luminescence of each image was transformed to the

relative radioactivity using software (BAStation, Fuji
Photo Film Co., Ltd., Japan). The ratios of relative activity
in tissue/muscle and tumor/inflammation were calcu-
lated.

Statistical analysis
One-way ANOVA with Scheffé’s F correction was used
to analyze all the results. Statistical significance was
considered at p < 0.05.

RESULTS

Histological examination of inflammatory tissues
Histology of Day 4 aseptic inflammatory tissues revealed

Table 1   Tissue distributions of 18F-FMT in rats with AH109A tumor and aseptic and bacterial inflammation

Tissue
Time after injection

5 min 10 min 30 min 60 min 120 min

Tumor 0.64 ± 0.31 0.78 ± 0.41 1.27 ± 0.35 1.43 ± 0.43 1.06 ± 0.37
Day 4 aseptic inflammation 0.49 ± 0.07 0.43 ± 0.10 0.50 ± 0.08 0.50 ± 0.13 0.59 ± 0.11
Day 12 aseptic inflammation 0.46 ± 0.21 0.41 ± 0.11 0.53 ± 0.14 0.50 ± 0.14 0.64 ± 0.22
Bacterial inflammation 0.62 ± 0.05 0.59 ± 0.07 0.61 ± 0.05 0.59 ± 0.08 0.59 ± 0.09
Blood 0.63 ± 0.10 0.51 ± 0.10 0.51 ± 0.09 0.46 ± 0.09 0.48 ± 0.08
Brain 0.36 ± 0.12 0.37 ± 0.11 0.52 ± 0.12 0.47 ± 0.12 0.46 ± 0.11
Heart 0.56 ± 0.08 0.48 ± 0.11 0.46 ± 0.07 0.41 ± 0.09 0.44 ± 0.06
Lung 0.55 ± 0.14 0.46 ± 0.08 0.45 ± 0.08 0.41 ± 0.09 0.42 ± 0.09
Pancreas 3.68 ± 1.15 3.15 ± 0.74 3.16 ± 0.52 3.48 ± 0.55 3.42 ± 0.47
Liver 0.59 ± 0.13 0.53 ± 0.15 0.45 ± 0.08 0.43 ± 0.08 0.43 ± 0.05
Kidney 0.65 ± 0.19 0.53 ± 0.12 0.48 ± 0.08 0.42 ± 0.07 0.42 ± 0.06
Small intestine 0.51 ± 0.19 0.42 ± 0.13 0.38 ± 0.09 0.41 ± 0.09 0.40 ± 0.08
Muscle 0.52 ± 0.17 0.45 ± 0.14 0.44 ± 0.09 0.43 ± 0.07 0.43 ± 0.09
Bone 0.38 ± 0.13 0.39 ± 0.11 0.39 ± 0.07 0.51 ± 0.11 0.62 ± 0.11
Urine* — 0.41 ± 0.36 1.56 ± 1.39 1.79 ± 1.17 3.31 ± 1.37

Values are expressed as mean ± S.D. of %ID/g. (n = 8)
*Values are expressed as mean ± S.D. of %ID. (n = 4)

Fig. 1   Whole-body autoradiograms of a rat with experimentally induced aseptic inflammation and an
implanted tumor. The 18F-FMT image (a) and 14C-DG image (b) are shown. Closed arrow, closed
arrowhead and open arrow on the back (from caudal to cranial) show Day 12 aseptic inflammation,
AH109A tumor and Day 4 aseptic inflammation, respectively. The open arrowheads in the abdomen and
lumbar regions (18F-FMT only) correspond to the pancreas and the femur cortex respectively.
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Table 2   Radioactivity ratios of tissue to muscle and tumor to
inflammation in dual tracer macro autoradiographic study

Tissue/muscle ratio

Tissue Tumor/inflammation ratio
18F-FMT 14C-DG

Tumor 3.41 ± 0.67 13.19 ± 1.72
Day 4 aseptic 1.17 ± 0.26   7.63 ± 1.95
   inflammation 3.01 ± 0.62   1.18 ± 0.43
Day 12 aseptic 1.25 ± 0.20   5.84 ± 1.72
   inflammation 2.78 ± 0.41   2.41 ± 0.64
Bacterial 1.13 ± 0.17   5.20 ± 0.30
   inflammation 3.09 ± 0.45   2.54 ± 0.15

Values are expressed as mean ± S.D. (n = 5)

an inflammatory cell layer and granulation tissue around
the injected oil, compatible with the chronic phase of inflam-
mation. The histology of Day 12 aseptic inflammatory
tissue showed almost the same findings, although the
number of inflammatory cells was less than that on Day 4,
indicating the healing stage of inflammation. Similar
inflammatory reactions were identified around the central
necrosis in the case of bacterial inflammation.

Biodistribution of 18F-FMT
Table 1 summarizes the results of biodistribution studies
for 18F-FMT in rats bearing tumor and inflammation. The
radioactivity in the blood gradually decreased with time
from 0.63%ID/g at 5 min after injection. Tissue radioac-
tivity in most organs including the liver and kidney, but
except the pancreas, brain and bone, was as low as in
blood and similarly decreased with time. The radioactiv-
ity in the pancreas was the highest and relatively constant
during 120 min of measurement. The radioactivity in the
bone and urine increased gradually during the experi-

ment. The tumor uptake of 18F-FMT increased with time,
reaching a peak at 60 min after injection (1.43%ID/g) and
decreased thereafter. The tumor uptakes at 30 and 60 min
were significantly higher than those of the other tissues
except the pancreas. The uptakes both in aseptic and
bacterial inflammation were very low throughout the
experiments.

Whole-body autoradiographic study with 18F-FMT and
14C-DG
Figure 1 shows whole-body autoradiograms obtained at
60 min after dual injection of 18F-FMT and 14C-DG. In the
18F-FMT image, high radioactivity was observed in the
tumor and pancreas, while it was very low in the two
aseptic inflammatory tissues. Relatively high radioactiv-
ity was observed in bone cortex. In 14C-DG image, high
radioactivity was observed both in tumor and inflamma-
tion. Very high radioactivity was observed in the Day 4
inflammation at the rim of the inoculated oil, while this
high uptake decreased in Day 12 inflammation.

Macro autoradiographic study with 18F-FMT and 14C-
DG
Figure 2 shows representative macro autoradiograms of
tumor, aseptic and bacterial inflammatory tissues and the
muscle at 60 min after injection of 18F-FMT and 14C-DG.
18F images, clearly indicated that tumor uptake of 18F-
FMT was higher than the other tissues, while the accumu-
lations in aseptic and bacterial inflammatory tissues were
almost equal to that of the muscle. 14C-DG images show
high accumulations in aseptic and bacterial inflammatory
tissues as well as in tumor.

Table 2 summarizes the radioactivity ratios of tissue-
to-muscle and tumor-to-inflammation computed from
dual tracer macro autoradiograms at 60 min after injec-
tion. The 18F radioactivity in the tumor was significantly

Fig. 2   Dual tracer macro autoradiograms of a rat bearing AH109A tumor and aseptic and bacterial
inflammation. The 18F-FMT images (upper picture) and 14C-DG images (lower picture) are shown.
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higher than that of the muscle and inflammation (p <
0.01). The 14C radioactivity in tumor and aseptic and
bacterial inflammation was higher than that of muscle
significantly (p < 0.01). Tumor-to-inflammation ratios of
18F-FMT were higher than those of 14C-DG in every
inflammation.

DISCUSSION

The purpose of this study was to evaluate the potential
efficacy of 18F-FMT, a new tumor imaging agent, for
differentiation between tumor and inflammation. Our
results indicated that the accumulation of 18F-FMT in
tumor was significantly higher than those in other tissues
(p < 0.01), except the pancreas. 18F-FMT accumulation
both in aseptic and bacterial inflammation was not marked
and was similar to the muscle and other background
tissues. Consequently, 18F-FMT is a promising tracer for
the differentiation between tumor and inflammation.

Ishiwata et al. reported the tissue distribution of 18F-
FMT and the high accumulation in tumor, using Donryu
rats bearing AH109A hepatoma.26 We obtained the simi-
lar results in this study, using the same tumor cell line. The
biodistribution study showed increasing radioactivity in
the bone, and the whole-body autoradiogram with 18F-
FMT disclosed relatively high radioactivity in the cortical
bone and low radioactivity in the bone marrow. These
findings might be explained by uptake of 18F ion from
defluorination of 18F-FMT in vivo. It was reported that
small amounts of 18F-fluorinated metabolites existed in
the plasma and tumor after injection of 18F-FMT by thin-
layer chromatography.26 The accumulation of radioac-
tivity in the urine increased with time in this study. This
finding would be related to the PET image findings
reported by Ishiwata et al., in which relatively high hot
spots were observed on the bladder 30 and 60 min after
injection of 18F-FMT.

Tissue distribution of 18F-FMT was comparable to
those of other tyrosine analogs such as 18F-FET and L-3-
[18F]fluoro-α-methyl tyrosine, while 18F-FMT has the
following advantages. Tumor to normal tissue radioactiv-
ity ratios of 18F-FMT were higher than those of 18F-FET,
although the animal models were different.19–21 The most
notable difference between 18F-FMT and L-3-[18F]fluoro-
α-methyl tyrosine was the accumulation in the kidney. The
accumulation of 18F-FMT in the kidney was in the blood
level, whereas L-3-[18F]fluoro-α-methyl tyrosine accu-
mulated greatly in the kidney like in the pancreas.22,23 18F-
FMT accumulation in the liver was very low, similar to
other synthetic amino acid tracers such as 18F-FET19–21

and L-3-[18F]fluoro-α-methyl tyrosine.22,23 On the other
hand, analogues of natural amino acid tracers such as L-
[2-18F]fluorotyrosine11 and L-methyl-11C-methionine16

accumulated highly in the liver. These properties of 18F-
FMT suggested that 18F-FMT is a promising candidate as
a tumor-detecting agent in the abdominal region except

for the pancreas.
The aseptic inflammation induced by turpentine oil

followed the models used by Yamada et al.27 They dem-
onstrated that the accumulation of 18F-FDG in this type of
inflammation peaked at 4 days after inoculation of the
turpentine oil and then decreased gradually from 7 to 14
days after inoculation. They also showed by micro-auto-
radiography that high radioactivity areas corresponded to
inflammatory cell layers and granulation tissue. There-
fore, the high 14C-DG radioactivity regions in the inflam-
matory tissues in this study should correspond to the
inflammatory cell layer and granulation tissues as con-
firmed by the histological examination. We took two time
points for the turpentine oil induced inflammation mod-
els. The Day 4 and Day 12 represent the intense and
decreasing phases respectively of the 18F-FDG accumula-
tion in the chronic inflammatory phase.

Kaim et al. evaluated the accumulation of 18F-FDG in
the abscess induced by S. aureus, as a bacterial inflamma-
tory model by macro autoradiography.4 They demon-
strated that inflammatory cell layers and granulation tis-
sues within the abscesses 2 and 5 days after inoculation
showed an increasing pattern in 18F-FDG accumulation.
We could confirm this tendency using 14C-DG. It was
reported that the inflammation induced by S. aureus took
little 18F-FET.28 The accumulation of 18F-FMT in bacte-
rial inflammation was similarly low in the present study.
Therefore, both the 18F-FMT and 18F-FET would be
equally useful for the differentiation between tumor and
bacterial inflammation.

We used 14C-DG instead of 18F-FDG to assess tissue
glucose metabolism in this study. Since the metabolism is
almost identical between 14C-DG and 18F-FDG,29 the
results of this study would apply to 18F-FDG. It appears
that 18F-FMT is more specific to tumor than 14C-DG,
although the relative uptake of 18F-FMT in tumor is less
than that of 14C-DG. 18F-FMT will be a tracer of choice to
characterize lesions, while 18F-FDG would be more suit-
able to pick up lesions either malignant or inflammatory.

11C-Met is the most frequently used radiolabeled amino
acid because of its rapid synthesis with high radiochemi-
cal yield.31 However, the half-life of carbon-11, 20 min,
limits its availability. The longer half-life of fluorine-18
would be more suitable for whole-body PET scans and
future radiopharmaceutical deliveries to PET centers with-
out an on-site cyclotron. Especially, 18F-FMT is suitable
for routine production, because of the simple preparation,
high production yield and easy automation for synthetic
procedure.25 These features are advantages in the clinical
application of 18F-FMT.

In conclusion, although this study is still preliminary,
18F-FMT seems promising for the differentiation between
tumor and inflammation because of higher specificity to
tumor than 14C-DG. The simple preparation of 18F-FMT
with high radiochemical yields supports routine produc-
tion for clinical PET practice in oncology.
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