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Abstract. The aim of this study was to compare the up-
take of 18F-fluoroethyl-L-tyrosine (18F-FET) with that of
18F-fluorodeoxyglucose (18F-FDG) in activated inflam-
matory white blood cells. Unilateral thigh muscle ab-
scesses were induced in 11 rats by intramuscular inocu-
lation of 0.1 ml of a bacterial suspension (S. aureus,
1.2×109 CFU/ml). Four animals were intraperitoneally
injected with 130–180 MBq 18F-FDG, four with
140–170 MBq 18F-FET and three with a mixture of
140–170 MBq 18F-FET and 1.8 MBq 14C-deoxyglucose.
Autoradiography (10 µm slice thickness) of the abscess
and the contralateral muscle was performed and detailed
spatial correlation of autoradiography and histopatholo-
gy (haematoxylin-eosin staining) was obtained. Regions
of interest were placed on the abscess wall and the grey
values (digitised image intensities) measured were con-
verted to kBq/cc per kBq injected activity per gram
(SUV). Areas with increased 18F-FDG uptake corre-
sponded to cellular inflammatory infiltrates mainly con-
sisting of granulocytes. The SUV was calculated to be
4.08±0.65 (mean±SD). The uptake of 18F-FET in activat-
ed white blood cells was not increased: the SUV of the
abscess wall, at 0.74±0.14, was even below that of con-
tralateral muscle. The low uptake of 18F-FET in non-neo-
plastic inflammatory cells promises a higher specificity
for the detection of tumour cells than is achieved with
18F-FDG, since the immunological host response will not
be labelled and inflammation can be excluded.
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Introduction

Radiolabelled amino acids have proven to be useful for
imaging in clinical oncology, especially for brain tu-
mours [1, 2], lymphoma [3], lung [4] and breast cancer
[5]. The tumour uptake is thought to reflect increased
amino acid metabolism of cancer cells, such as increased
active transport and protein synthesis. Carbon-11 la-
belled amino acids are suitable for positron emission to-
mography (PET) imaging, but because of the short half-
life of 11C (t1/2=20 min), the availability of these tracers
is limited to PET centres with an in-house cyclotron,
preventing their widespread use. Recently, the synthesis
and use of a fluorine-18 labelled amino acid, 18F-fluoro-
ethyl-L-tyrosine (18F-FET), has been reported [2]. 18F-
FET has the advantages of a longer half-life
(t1/2=110 min) and a simple and efficient synthesis. The
physical properties of this tracer are suitable for the ac-
quisition of whole-body PET scans, and it seems promis-
ing for use in clinical oncology. 18F-FET is an analogue
of tyrosine that is not metabolised and not incorporated
into proteins but is actively transported into tumour cells.
The synthetic yields are higher than with another recent-
ly published 18F-labelled tyrosine, 18F-fluoro-α-methyl
tyrosine (18F-FMT) [6], and are sufficient for satellite
distribution. In accordance with findings obtained with
other radiolabelled amino acids [7, 8], first clinical expe-
rience with 18F-FMT suggests that it is not significantly
incorporated into inflammatory cells [9]. Assuming a
similar effect for 18F-FET, a more tumour-specific up-
take can be expected in comparison with 18F-fluorode-
oxyglucose (18F-FDG), the uptake of which reflects not
only accumulation in cancer cells but also the tumour-
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host immune system reaction [10, 11]. Moreover, 18FET-
PET might assist in the differentiation of infection and
recurrent tumour, which is occasionally difficult in the
follow-up during tumour treatment with 18F-FDG. Thus
it is of major interest to evaluate whether there is 
18F-FET uptake in inflammation in order to determine its
specific value in clinical PET imaging.

The purpose of this study was to investigate 18F-FET
uptake in activated inflammatory cells using an experi-
mental acute abscess model and semiquantitative autora-
diography, and to compare it with 18F-FDG accumula-
tion. In a second step, we correlated the tissue distribu-
tion of 18F-FET with that of 14C-deoxyglucose (14C-DG)
by means of a dual-tracer autoradiography experiment.

Materials and methods

Animals and abscess model. The study was performed according
to the guidelines of the National Institutes of Health and the rec-
ommendations of the committee on animal research at our institu-
tion. The protocol was fully approved by the local institutional re-
view committee on animal care.

The study included 11 OFA rats (stock IcoIbm: OFA) (weight
250–300 g). All the animals were kept in cages with standardised
conditions of light and free access to water and food. Using gener-
al inhalation anaesthesia (methoxyfluranum, Pitman-Moore Inc.,
USA), left-sided, a unilateral deep calf muscle abscess was in-
duced by intramuscular inoculation (25G needle) of 0.1 ml of a
bacterial suspension (S. aureus, clinical strain 10B, Novartis
Pharma, Inc., Switzerland). One author measured bacterial con-
centration (1.2×109 CFU/ml) by optical density (McFarland Stan-
dard, bioMerieux, Inc., USA).

All animals developed a palpable fluctuating mass in the left
calf muscle within 36 h after bacterial inoculation. No systemic in-
fection occurred.

Autoradiography with 18F-FDG. Four rats bearing an abscess
(48 h after bacterial inoculation) in the left calf muscle were intra-
peritoneally injected with a dose of 130–180 MBq 18F-FDG and
sacrificed 45 min later by an intracardiac overdose of pentobarbit-
al. Infected calf muscle and contralateral normal calf muscle were
dissected immediately and frozen in isopentane cooled to –50ºC.
The frozen samples were cut (10 µm thickness) and thaw-mounted
on glass slides. Film (Biomax MR, Kodak, USA) was subsequent-
ly exposed for 24 h together with 14C standards for later quantifi-
cation of grey values (digitised image intensities). The slices were
then stained using haematoxylin-eosin (HE) for histological exam-
ination.

Autoradiography with 18F-FET. Another four rats bearing an ab-
scess (48 h after bacterial inoculation) in the left calf muscle were
intraperitoneally injected with a dose of 140–170 MBq 18F-FET
and sacrificed 45 min later by an intracardiac overdose of pento-
barbital. Animal preparation, tissue sampling, autoradiographic
technique and staining were as described in the previous section.

Dual-tracer autoradiography. Three rats bearing an abscess (48 h
after bacterial inoculation) were intraperitoneally injected with a
mixture of 140–170 MBq 18F-FET and 1.8 MBq 14C-DG dissolved
in 3 ml saline and sacrificed 45 min later by an intracardiac over-

dose of pentobarbital. Infected calf muscle and the contralateral
normal calf muscle were dissected immediately and frozen in iso-
pentane cooled to –50ºC. The frozen samples were cut (10 µm
thickness) and thaw-mounted on glass slides. A phosphor imaging
plate (BAS-TR2025, Fuji Photo Film Co., Japan) was subsequent-
ly exposed for 4 h to produce 18F-FET images. Three days later
the sections with residual 14C-DG activity were placed in contact
with a separate phosphor imaging plate for 7 days. The slices were
then stained using HE for histological examination.

Quantitative analysis. In a calibration experiment, each 14C stan-
dard was assigned a value in kBq/cc of 18F activity. For this pur-
pose, 10-µm-thick slices of a brain paste that contained defined
amounts of 18F activity (kBq/mg) were exposed on film together
with the 14C standard for 24 h.

Autoradiographs were digitised and the grey values converted
to kBq/mg using the calibrated 14C standards. The activities were
then decay corrected to the time of injection. Dividing these val-
ues by the amount of injected activity per gram of body weight
yielded standardised uptake values (SUVs). On 18F-FDG and 18F-
FET digitised autoradiographs, regions of interest (ROIs) were
placed on the abscess wall and contralateral muscle and the SUVs
were calculated. To define the exact site of the ROIs, stained his-
tological sections were considered. The size of the ROIs was ad-
justed to the individual abscess configuration (range 0.011–
0.056 cm2).

A Wilcoxon rank sum test was performed comparing the medi-
ans of the differences between the SUV of the abscess wall and
the SUV of the contralateral muscle for 18F-FET and 18F-FDG.

Qualitative analysis. Detailed histomorphological comparison be-
tween histology and autoradiography was performed. Both autora-
diographs and histological specimens were digitised and image fu-
sion allowed optimal spatial correlation. The 18F-FET, 18F-FDG or
14C-DG uptake was assigned to inflammatory cell infiltration, tis-
sue necrosis and muscle on histopathology. The cells of the in-
flammatory infiltration were histologically characterised as neu-
trophil granulocytes, macrophages or lymphocytes.

Results

Histomorphological correlation to 18F-FDG 
autoradiography

The acute abscess formation was histologically charac-
terised by central necrosis predominantly surrounded by
neutrophils, and to a lesser degree by macrophages. A
second necrotic tissue layer was delineated between the
inner granulocyte layer and a more peripherally localised
cellular infiltration that consisted mainly of granulocytes
and some interspersed macrophages. The areas with in-
creased 18F-FDG uptake corresponded to cellular inflam-
matory infiltrates mainly consisting of granulocytes. The
necrotic abscess centre and the second necrotic tissue
layer were characterised by decreased 18F-FDG uptake.
The SUVs (mean±SD) of the inner and outer cellular
zones were 4.08±0.65 and 3.11±0.52, respectively. Fig-
ure 1 shows a typical autoradiograph with corresponding
histology.

649

European Journal of Nuclear Medicine Vol. 29, No. 5, May 2002



650

European Journal of Nuclear Medicine Vol. 29, No. 5, May 2002

Histomorphological correlation to 18F-FET 
autoradiography

The areas with inflammatory cell infiltrates consisting
mainly of granulocytes and some macrophages did not
exhibit increased uptake of 18F-FET in comparison with
the surrounding muscle. Differentiation of the inner and
outer cellular zones was not possible on autoradiographs.
The necrotic abscess centre could be identified by virtue

Fig. 1. 18F-FDG autoradiograph (A), corresponding section (HE)
(B) and histology (C ×1.25, D ×10) of an acute intramuscular ab-
scess. The abscess is characterised by central necrosis (CN), an in-
ner layer of inflammatory cells mainly consisting of granulocytes
(white star), a second necrotic muscle layer (black cross) and an
outer layer (white circle) of predominantly granulocytes. Areas
with increased 18F-FDG accumulation correspond to cellular infil-
trates (D)
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of decreased 18F-FET accumulation. The ROI of the in-
ner layer corresponding to the abscess wall close to the
central necrosis was placed with reference to the histo-
logical slices in order to ensure measurement at the cor-
rect site. The SUV was calculated to be 0.74±0.14 and
was even less than the SUV of the contralateral muscle
(1.28±0.19). Figure 2 shows a typical autoradiograph
with corresponding histology.

Dual-tracer autoradiography

Figure 3 shows typical autoradiographs of an abscess af-
ter injection of a mixture of 18F-FET and 14C-DG. The
14C-DG autoradiographs were more heterogeneous ow-
ing to the intense uptake of the tracer into the activated
white blood cells. The areas of 14C-DG accumulation
could be assigned to granulocytes and macrophages.
The visual contrast on 18F-FET autoradiographs was
very low since the accumulation of the radiolabelled
amino acid in the surrounding muscle and the inflamma-
tory cells was quite similar. Areas of increased 14C-DG
accumulation did not exhibit similar intense radioactivi-
ty with 18F-FET.

Statistical analysis

The SUVs are illustrated in Fig. 4. The median of the
differences between the SUV of the abscess wall and the
SUV of contralateral muscle was significantly greater for
18F-FDG than for 18F-FET (P<0.05, two-tailed).

Discussion

The clinical application of radiolabelled amino acids has
been severely limited by the lack of a tracer that is as
widely available as 18F-FDG. The fluorine label with a
half-life of 110 min and the short, high-yield radiosyn-
thesis of 18F-FET meet the requirements for routine
widespread clinical application. The amino acid trans-
port is the dominant step in the increased tracer accumu-
lation in tumour cells [12], and the tracer is not metabo-
lised and incorporated into proteins. First clinical studies
have demonstrated the usefulness of 18F-FET scan in pa-
tients with primary brain tumours and metastasis, the up-
take pattern and imaging contrast being similar to those
observed with 11C-methionine [2]. Experimental studies
in tumour-bearing mice have shown a high accumulation

Fig. 2. 18F-FET autoradiograph (A) and corresponding section
(HE) (B) of an acute intramuscular abscess. The areas with in-
flammatory cell infiltrates consisting mainly of granulocytes and
some macrophages did not show an increased uptake of 18F-FET
in comparison with the surrounding muscle

▲
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Fig. 3. Dual-tracer autoradiography (A, B) and corresponding sec-
tion (HE) (C) and histology (D, ×5) of an acute abscess. 14C-DG
autoradiography (A) demonstrates increased tracer activity in the
abscess wall which can be assigned to inflammatory cells (C, D).
The same areas do not exhibit increased accumulation on 18F-FET
autoradiography (B) in comparison with the surrounding muscle
tissue

Fig. 4. SUVs (individual values) of the abscess wall and contralat-
eral muscle on 18F-FET and 18F-FET autoradiographs (black
rhombus, SUVFET contralateral muscle; cross, SUVFET abscess
wall; black circle, SUVFDG contralateral muscle, white square,
SUVFDG abscess wall)

▲
of 18F-FET in colon and mammary carcinoma similar to
the results with other artificial amino acids [13], which
reflects the hypermetabolic state of viable tumour cells.
Since previous findings with other radiolabelled amino
acids have not shown evidence of tracer uptake into in-
flammatory cells, 18F-FET is a very promising substance
for oncology, and potentially more specific than 18F-
FDG. To investigate selectively the uptake of 18F-FDG
and 18F-FET into activated inflammatory cells, we used a
physiological, bacterial soft tissue abscess model and au-
toradiography, which enabled us to perform histomor-
phological correlation and calculation of SUVs in differ-
ent areas.

Upon exposure to certain stimuli, including infection,
ischaemia, tumours, trauma or foreign bodies, phago-
cytes (both neutrophils and macrophages) start meta-
bolising large quantities of glucose by way of the hex-
ose monophosphate shunt, and their rates of oxygen up-
take increase greatly, sometimes more than 50-fold [14].
This transformation of the resting cells into activated
phagocytes is known as “respiratory burst”. Energy-
dependent, interrelated cellular defence mechanisms in-
clude migration, generation and release of microbicidal
agents and phagocytosis [15, 16]. In agreement with
previous clinical and experimental studies [17, 18, 19,
20, 21, 22], we documented a marked increase in 18F-
FDG uptake at the site of infection, which could be as-
signed to activated granulocytes and macrophages. The
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transporter activity of 18F-FET, however, was not affect-
ed by the hypermetabolic state of activated cells and did
not lead to an increased uptake into white blood cells.
The consumption of amino acids is evidently not influ-
enced by various intracellular pathways, including stim-
ulus-induced increases in the phospholipid mechanism
of cell membranes and protein kinase C activation [23].
The accumulation of 18F-FET and 18F-FDG in activated
inflammatory cells was quantitatively assessed by 18F-
FET and 18F-FDG autoradiography. In the case of 18F-
FET, the SUV in areas of inflammatory infiltration was
even below that in contralateral muscle. The dual-tracer
experiment with 18F-FET and 14C-DG permitted exact
morphological correlation between areas of increased
deoxyglucose uptake due to activated cells and 18F-FET
accumulation and did not reveal elevated 18F-FET radio-
activity.

The bacterial consumption of 18F-FDG or 18F-FET
could not be discriminated from cellular uptake, al-
though it is known that abscess-forming bacteria utilise
glucose as an energy source and may accumulate amino
acids [24]. The problems were the mixed pattern of in-
flammatory cells and bacteria and the small bacterial
size, which could not be resolved with the applied tech-
nique. However, the low accumulation of 18F-FET in ar-
eas where presence of bacteria is expected may be ex-
plained by either lacking bacterial 18F-FET uptake or a
low bacterial density.

Experimental and clinical findings have documented
that 18F-FET accumulates in tumours with a high affini-
ty. Our study showed that 18F-FET uptake is low in in-
flammatory infiltrates consisting of neutrophil granu-
locytes and macrophages. This suggests that 18F-FET al-
lows the clear differentiation of neoplasms and acute in-
flammatory lesions, which is equivalent to offering im-
proved specificity in tumour diagnosis. With regard to
tumour therapy monitoring, it may be relevant whether
the tumour-associated inflammatory response accumu-
lates 18F-FET. This cannot be definitively excluded on
the basis of our study since the composition of inflam-
matory cells involved in the immune response to tu-
mours is somewhat different from that observed in acute
infection and mainly consists of T-lymphocytes and mac-
rophages. Further clinical studies are required to prove
that tumour detection with 18F-FET is at least as sensi-
tive as with 18F-FDG.
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