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Abstract

""Tc- tetrofosmin was developed for myocardial perfusion imaging. However, it has been

suggested that this cationic tracer may be of value as a tumor-imaging agent. Very little is

however known about the mechanism of uptake of ""Tc-tetrofosmin in heart tissue or tumor

cells. We studied in-vitro the uptake of this radiopharmaceutical in breast cancer-, sarcoma- and

melanoma cell lines. The influence of density of tumor cells, temperature- and time of incubation

on the radioactivity uptake were analysed.

In these tumor cell lines the uptake of ""Tc-tetrofosmin was highest at a cellular density of

1.106 cell/ml and at a temperature of incubation of 37°C. This indicates that the uptake of " T c -

tetrofosmin by these tumor cells occurs by a metabolism-dependent process, probably related to

mitochondria, besides cation channel transport. ""Tc-tetrofosmin scintigraphy might thus be

useful for detecting and imaging at a very early clinical stage these malignant tumors.

1. Introduction

The diagnosis of malignant disease consists of locoregional assessment and staging of disease

throughout the body. Whereas local disease can often be diagnosed by simple techniques and

treated surgically, metastatic spread often demands sophisticated diagnostic procedures and

systemic therapy. Nuclear medicine imaging has greatly facilitated the staging process.

In 1995 Rambaldi et al (1) accidentaly found a hot spot in a mammary gland during myocardial

99mTc-tetrofosmin (l,2-bis[bis(2-ethoxyethyl) phosphinojethan) scintigraphy, a finding that has
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encouraged further research into the clinical relevance of this new radiopharmaceutical. In this

study the uptake characteristics of ""Tc-tetrofosmin was evaluated in tumor cell lines in vitro.

The aim of the study was to investigate the potential relevance of 99mTc-tetrofosmin scintigraphy

for tumor detection.

2. Material and Methods

Breast cancer- [MCF-7 (cloned carcinoma), ZR-75-1 (human adenocarcinoma) and SKBR-3

(human adenocarcinoma)], sarcoma- [A-204 (rhabdomyosarcoma), SW 684 (fibrosarcoma), SW
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FIG, 1. Breast cancer cell lines uptake of ^mTc-tetrofosmin.
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872 (liposarcoma), SW 982 (synovial sarcoma) and SW 1353 (chondrosarcoma)] and melanoma

(SK-MEL 28 and 518 A-2) cell lines were investigated. The influence of density of tumor cells

(1.105-1.106 cell/ml), temperature- (4°C, 22°C, 37°C) and time (10-60 minutes) of incubation on

the radioactivity uptake (100 uCi " T c ) were analysed.

Statistical analysis was performed using Students t test. A value of pO.Ol was considered as

significant.

3. Results

Studies with breast cancer lines in vitro revealed a higher uptake (although not significantly

different) of ""Tc-tetrofosmin for SKBR-3 (3.61±0.65%), followed by MCF-7 (2.99±0.33%) and
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FIG. 2. Sarcoma cell lines uptake of 99mTc-tetrofosmin.
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FIG. 3. Melanoma cell lines uptake of ^mTc-tetrofosmin.

ZR-75-1 (2.02±0.60%). In these tumor cell lines, the uptake was highest at a cellular density of

1.106 cell/ml and at a temperature of incubation of 37°C and it reached a maximum at 30-40

minutes after incubation, starting to decline after about 60 minutes (Fig. 1). Significantly higher

uptake of "Tc-tetrofosmin by sarcoma cell line SW 1353 (2.30±0.40%) as compared to the

other sarcoma cell lines studied (uptake in the range of 1-2%) was found (Fig. 2). Cell lines SW

684, SW 872 and SW 982 showed an uptake 99mTc-tetrofosmin obviously lower at 4°C and only

slight incread at 37°C as compared to 22°C, whereas in the other cell lines, A-204 and SW 1353,

the uptake was highest at 37°C. Sarcoma cells uptake of 99mTc-tetrofosmin was highest at a

cellular density of 1.106 cell/ml, reaching its maximum as early as after 10 minutes. In melanoma

cell lines SK-MEL 28 and 518 A-2 the uptake of 99raTc-tetrofosmin was highest at 37°C and at a

cellular density of 1.106 cell/ml as well (Fig. 3).

204



4. Discussion

99mTc-tetrofosmin was introduced for myocardial perfusion imaging. However, this newly

lipophilic cation has been recently examined in clinical studies as a radiopharmaceutical for

tumor-imaging as well. It has recently been reported to be suitable for clinical evaluation of

breast tumors (2) and for functional imaging of multidrug resistance (3), among others. Very

little is however known about the mechanism of uptake of ""Tc-tetrofosmin in heart tissue or

tumor cells. A possible role of cell membrane potential and of the Na7K+ pump has been

hypothesized for ""Tc-tetrofosmin cellular uptake (4). In this study we investigate various rumor

cell lines for "Tc-tetrofosmin uptake kinetics. In most cell lines studied, the uptake of ""Tc-

tetrofosmin was highest at 37CC, which might indicate that it occurs by a metabolism-dependent

process, probably related to mitochondria, besides cation channel transport as suggested. ""Tc-

tetrofosmin was taken up by breast cancer-, sarcoma- and melanoma cells, thus strengthening the

hypothesis that these malignant cells can be imaged with "Tc-tetrofosmin scintigraphy at a very

early clinical stage due to the high number of high activity of mithocondria in these cells. Present

on-going investigations are being focused on the role of mithocondria in the cellular uptake of

99mTc-tetrofosmin. In vivo at present on-going studies are mandatory to evaluate the exact clinical

value of "Tc-tetrofosmin scintigraphy in malignant disease.
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