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ABSTRACT

As sarcomas are known to have accelerated glycolysis, we used the
radiolabeled glucose analogue 2-deoxy-d-|l/-14C]glucose in autoradi-
ographic imaging studies of a methylcholanthrene-induced rat fibrosar
coma placed in an i.m. site, and in models of pulmonary and hepatic
mÃ©tastases.Fifty /Â»Ciof 2-deoxy-rf-[i/-l4C]gIucose were injected i.p. into

groups of rats bearing tumors in these three sites; sacrifice of animals
for imaging was carried out 45 min later. Excellent imaging of sarcoma
tissue in all three anatomical sites was obtained, with high visual contrast
compared to the normal tissue background. Using densitometry of auto-
radiographs, tumor/tissue ratios were 7.1 for i.m. tumors, 3.8 for pul
monary mÃ©tastases,and 2.8 for hepatic mÃ©tastases.Autoradiographic
imaging of sarcomas may be obtained based upon avidity of neoplastic
tissue for the glucose analogue 2-deoxy-</-|i/-'4C] glucose. Such imaging

is not dependent upon anatomical site and reproducibly images rat
sarcomas in muscle, lung, and liver.

INTRODUCTION

Accelerated glycolysis is a fundamental biochemical disorder
of neoplastic tissue (1-3). The glucose analogue DG2, radiola
beled with a /3-emitter (3H or 14C), has been used in tissue

uptake studies to demonstrate increased glycolysis in malignant
tissue (4, 5). [14C]DG has also been used to measure glucose

utilization in rat brain tumor models (6, 7), based upon studies
of cerebral glucose utilization by Sokoloff et al. (8).

These quantitative autoradiography studies in experimental
brain tumors demonstrate that tumors can be imaged based
upon their accelerated uptake of glucose. Although others have
shown that rodent sarcomas have accelerated uptake of [I4C]-

DG (9, 10), there are few autoradiographic imaging studies
based upon glucose metabolism of rodent tumors (11). We
undertook this study to determine if 2-[14C]deoxyglucose will

image a MCA induced rat fibrosarcoma in an i.m. site, and in
models of pulmonary and hepatic mÃ©tastases.

MATERIALS AND METHODS

Tumor Models. Three tumor models were created using male F344
rats and a transplantable methylcholanthrene-induced rat fibrosarcoma
(MCA). Tumors i.m. were produced in four rats by direct implantation
under phÃ©nobarbitalanesthesia of I -111111fragments of MCA sarcoma
into the quadriceps muscle group of the thigh. Imaging studies were
performed 14 to 21 days later when the tumors were 1 to 2 cm in
diameter. Pulmonary mÃ©tastaseswere created in five rats by injecting
in single cell suspension of 2 x K)1'viable MCA sarcoma cells (in 1 ml

of HBSS) directly into the inferior vena cava of phenobarbital-anesthe-
tized rats. Large, visible pulmonary mÃ©tastaseswere imaged 14 days
later. Hepatic mÃ©tastaseswere produced in a similar fashion by injecting
2 x IO6 MCA cells (in 3 ml of HBSS) directly into the portal vein of
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five anesthetized rats. Large hepatic mÃ©tastaseswere imaged 14 days
later.

Imaging Technique. The autoradiographic imaging technique is a
variation of the 2-[l4C]deoxyglucose autoradiography method of So

koloff et al. used to quantitate local cerebral glucose utilization (7, 8).
Rats were anesthetized with phÃ©nobarbitaland given injections of SO
iiCi i.p. of 2-deoxy-rf-[i/-14C]glucose in sterile water (specific activity,

300 to 350 iiCi/mmol; New England Nuclear Corp., Boston, MA).
After 45 min the rats were sacrificed by cervical dislocation, and the
tissues of interest were harvested, rapidly embedded in O.C.T. com
pound (Miles Scientific, Naperville, IL), and frozen in liquid nitrogen
for sectioning. Twenty-fiin-thick sections were cut from these tissue
blocks using a cryostat, placed on glass slides, and heat-fixed for 5 min
at 65Â°Con a slide warmer. Slides with dried tissue sections were glued

to pressed cardboard, placed in a cassette with single-coated X-ray film
(SB-5; Kodak, Rochester, NY) and exposed for 5 days. No densitometry
standards were included, since these autoradiographs were used only
for imaging tumors, and not for quantitation of glucose utilization.

Three groups of rats were imaged: one group of four rats with i.m.
tumors; one group of five rats with pulmonary mÃ©tastases;and one
group of five rats with hepatic mÃ©tastases.Images of normal and tumor-
bearing tissue were obtained in each mode. Triplicate sections were
imaged from the tissues of interest in each rat. Densitometry (Photovolt
Model 520-A; Photovolt Corp., New York, NY) was used to quantitate
[I4C]DG uptake of tumor compared to surrounding normal tissue.

Densitometry results are expressed as mean Â±SE and were compared
by the independent Student t test.

RESULTS

The images of the i.m. tumor, pulmonary mÃ©tastases,and
hepatic mÃ©tastasesare shown in Figs. 1 to 3. All sarcoma
tumors took up [I4C]DG and produced clear autoradiographic

images. Fig. 1 shows the excellent contrast obtained between
the i.m. MCA tumor and normal muscle. Tumor takes up 7
times more [I4C]DG than adjacent muscle (P < 0.001) (Table

1). Fig. 2 demonstrates the ability of autoradiography to detect
very small pulmonary mÃ©tastases.Metastatic sarcoma in the
lung takes up significantly more [14C]DG than surrounding
normal lung tissue (P < 0.001), with an approximate 4-fold
increase in uptake (Table 1). Fig. 3 shows clear images of two
sarcoma mÃ©tastaseswithin the liver, with high visual contrast
between tumor and normal liver parenchyma. In this hepatic
mÃ©tastasesmodel, sarcoma takes up significantly more [I4C]

DG than adjacent normal liver (P < 0.001), with an approxi
mate 3-fold increase in uptake (Table 1).

In all three anatomical sites, tumor tissue had a significantly
higher [I4C]DG uptake compared to background normal tissue,

with tumor/normal tissue ratios between 2.8 and 7.1. These
ratios indicate that viable tumor can be clearly imaged at all
three anatomical sites with radiolabeled DG.

DISCUSSION

The property of accelerated glucose uptake in neoplastic
tissue provides a useful mechanism for imaging of viable tumors
within normal organs. The glucose analogue DG (differing from
glucose only by replacement of the hydroxyl group on the
second carbon by a hydrogen atom) is readily transported into
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AUTORADIOGRAPHIC IMAGING OF RAT SARCOMA USING [MC]DG

Fig. 1. a. Section of sarcoma (lower left) attached to thigh muscle (upper right). H & E. b, autoradiograph of sarcoma attached to thigh muscle.

b
Fig. 2. a, Section of lung with multiple sarcoma mÃ©tastases.H & E. A,autoradiograph of lung with multiple sarcoma mÃ©tastases.

Fig. 3. a, Section of liver with two sarcoma mÃ©tastases(far left) and normal liver parenchyma (far right). H & E. Ã¨,autoradiograph of liver showing two sarcoma
mÃ©tastases(far left) and normal liver parenchyma (far right).
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Table 1 P'CJDG uptake in rat tumor models as measured by densitometry of

autoradiographic images

Absorbance Tumor/normal
Tumor model No. of rats" (units) tissueratioIntramusculartumorMusclePulmonar)'

mÃ©tas
tasesLungHepatic

mÃ©tastasesLiver4455330.492

Â±0.009*'c0.069

Â±0.0160.636

Â±0.023C0.169

Â±0.0100.955

Â±0.050*0.262

Â±0.0417.13.81
ft

" Tissues from each rat were harvested and imaged in triplicate.
* Mean Â±SE.
' Tumor > normal tissue, P < 0.001.

malignant tissue by simple and facilitated diffusion. After phos-
phorylation of DG to DG-6-phosphate by hexokinase, the
phosphorylation product is trapped and accumulates within the
cell. Since MCA tumor levels of glucose-6-phosphatase are low
(12),dephosphorylation and release of free DG occur slowly. If
DG is labeled with a .Â¿-emitter,autoradiographic imaging of
tumors within organs can be accomplished. Labeling of DG
with a positron emitter, such as fluorine-18, allows in vivo
imaging of tumors by positron emission tomography.

This study demonstrates the high visual contrast obtained
between tumor tissue and normal organs with [I4C]DGautora-

diography. Densitometry confirmed the high tumor/tissue ra
tios, which varied between 2.8 and 7. With this high tumor/
tissue uptake, tiny pulmonary mÃ©tastasesbarely visible to the
naked eye were readily visualized by autoradiography. This
accelerated glucose uptake is specific for sarcoma tissue, but
not anatomical site specific: tumors imaged well in an i.m.
location, in lung, and in liver.

The technique of [I4C]DGautoradiography has several poten

tial uses in animal and human tumor systems. Since viable
tumor cells must be present to produce an autoradiographic
image, the use of [14C]DGautoradiography in antitumor ther

apy studies might allow detection of early tumor kill, not
otherwise detectable by changes in histopathology. Because this
technique is both quantitative and capable of detecting hetero
geneous differences in DG uptake, it can be used to quantify
therapeutic effects and to determine the distribution of cell kill
within a solid tumor. [14C]DGautoradiography might also be

applied to human tumors implanted in immunoincompetent
rodent models as a method of quantifying cell kill and drug
distribution in human solid tumors. Additionally, any human
tumor imaged with [I4C]DG autoradiography will also image
in vivowith positron-labeled DG (such as FDG). This technique
may then serve as a useful preclinical system for the study of
human tumor glucose uptake and antitumor therapy, and as a
predictor of successful imaging with PET.

The results of this study lend strong support to the use of
metabolic imaging of tumors with FDG-PET in patients with

primary and metastatic cancer. Using FDG-PET we have suc
cessfully imaged human extremity musculoskeletal tumor sar
comas.3Human cerebral neoplasms (13,14), hepatic mÃ©tastases

from colon adenocarcinoma (15), and primary breast carcinoma
(16) have all been successfully imaged with FDG-PET. This
study suggests that imaging of metastatic sarcoma to the lung
and other organs will also be successful.
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