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Background
[PubMed]

Optical fluorescence imaging is increasingly being used to monitor biological functions of specific targets in 
small animals (1-3). However, the intrinsic fluorescence of biomolecules poses a problem when fluorophores that 
absorb visible light (350–700 nm) are used. Near-infrared (NIR) fluorescence (700–1,000 nm) detection avoids 
the natural background fluorescence interference of biomolecules, providing a high contrast between target and 
background tissues in small animals. NIR fluorophores have a wider dynamic range and minimal background 
fluorescence as a result of reduced scattering compared with visible fluorescence detection. NIR fluorophores 
also have high sensitivity, attributable to low background fluorescence, and high extinction coefficients, which 
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provide high quantum yields. The NIR region is also compatible with solid-state optical components, such as 
diode lasers and silicon detectors. NIR fluorescence imaging is a non-invasive alternative to radionuclide 
imaging in small animals (4, 5).

The phosphorylation of glucose, an initial and important step in cellular metabolism, is catalyzed by hexokinases 
(HKs) (6). There are four HKs in mammalian tissues (HKI–HKIV). HKI, HKII, and HKIII have molecular 
weights of ~100,000 each; HKI is found mainly in the brain, and HKII is insulin-sensitive and is found in 
adipose and muscle cells. HKIV, also known as glucokinase, has a molecular weight of 50,000 and is specific to 
the liver and pancreas. Most brain HK is bound to mitochondria, enabling coordination between glucose 
consumption and oxidation. Tumor cells are known to be highly glycolytic because of increased expression of 
glycolytic enzymes and HK activity (7), which have been detected in tumors from patients with lung, 
gastrointestinal, and breast cancers. The HKs, by converting glucose to glucose-6-phosphate, help maintain the 
downhill gradient that results in the transport of glucose into cells through the facilitative glucose transporters 
(GLUT1–13) (8). GLUT4 and HKII are the major transporters and HK isoforms in skeletal, muscle, heart, and 
adipose tissue, wherein insulin promotes glucose utilization. HKIV is associated with GLUT2 in liver and 
pancreatic β cells.

2-Deoxy-D-glucose (2-DG) was first developed to inhibit glucose utilization by cancer cells (9). HKs 
phosphorylate 2-DG to 2-DG-6-phosphate, which inhibits phosphorylation of glucose. 2-[18F]Fluoro-2-deoxy-
D-glucose ([18F]FDG) was later developed for molecular imaging studies (10). FDG is moved into cells by 
glucose transporters and is then phosphorylated by HK to FDG-6-phosphate. FDG-6-phosphate cannot be 
metabolized further in the glycolytic pathway and remains in the cells. Tumor cells do not contain a sufficient 
amount of glucose-6-phosphatase to reverse the phosphorylation. The elevated rates of glycolysis and glucose 
transport in many types of tumor cells, and activated cells enhance the uptake of FDG in these cells relative to 
other normal cells. Positron emission tomography with [18F]FDG has been used to assess alterations in glucose 
metabolism in the brain, cancer, cardiovascular diseases, Alzheimer’s disease and other central nervous system 
disorders, as well as infectious, autoimmune, and inflammatory diseases (11-16). Glucosamine and FDG have 
the amino and fluorine group at position 2 of the sugar, and they are taken up in cells by glucose transporters. 
Yang et al. (17) developed 99mTc-ethylenedicysteine-deoxyglucose (99mTc-EC-DG) by conjugation of two D-
glucosamine (2-amino-deoxyglucose) molecules to ethylenedicysteine for single-photon emission computed 
tomography (SPECT) imaging activity of glucose transporters and hexokinases in tumors.

Related Resource Links:
• Chapters in MICAD
• Gene information in NCBI (Glucose transporter, hexokinase).
• Articles in OMIM
• Clinical trials (FDG)
• Drug information in FDA (FDG)

Synthesis
[PubMed]

EC and glucosamine (1:4 molar ratio) were incubated in the presence of sodium hydroxide, sulfo-N-
hydroxysuccinimide, and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide for 24 h at room temperature (17). 
EC-DG was isolated from the incubation mixture with dialysis. The structure of EC-DG was verified with mass 
spectroscopy and nuclear magnetic resonance spectroscopy. EC-DG (50 mg) was mixed with 1.1–1.4 MBq (40–
50 mCi) 99mTc-pertechnetate and SnCl2. 99mTc-EC-DG had a radiochemical purity of 96% and a specific 
activity of 18.5 GBq/mmol (0.5 Ci/mmol). 99mTc-EC-DG was stable in dog serum for 0.5–24 h of incubation at 
37°C.
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In Vitro Studies: Testing in Cells and Tissues
[PubMed]

In vitro uptake studies of 99mTc-EC-DG and [18F]FDG were performed with human lung tumor A549 cells in 
culture showing 0.5% and 0.6% incubation dose at 4 h of incubation, respectively. D-Glucose was able to block 
the uptake of 99mTc-EC-DG in a dose-dependent manner. On the other hand, L-glucose showed no inhibition of 
the uptake. EC-DG was shown to be phosphorylated in a hexokinase assay. 99mTc-EC-DG showed little effect on 
[3H]thymidine incorporation into the A549 cells (18).

Animal Studies

Rodents
[PubMed]

Yang et al. (17) performed ex vivo biodistribution studies of 99mTc-EC-DG and [18F]FDG in mice (n = 3/group) 
bearing A549 xenografts at 0.5 h, 2 h, and 4 h after injection. The accumulation of radioactivity of 99mTc-EC-
DG in the tumors was 0.79 ± 0.16% of injected dose per gram (% ID/g) at 0.5 h, 0.42 ± 0.12% ID/g at 2 h, and 
0.41 ± 0.16% ID/g at 4 h after injection. The liver had the highest accumulation (5.81% ID/g), followed by the 
kidney (5.69% ID/g) and spleen (4.21% ID/g) at 2 h after injection. Accumulation of radioactivity in the brain 
(0.04% ID/g) was low. The concentration in the blood was 1.0% ID/g at 2 h after injection. The tumor/blood, 
tumor/muscle, and tumor/lung ratios were 0.42, 2.75, and 0.59 at 2 h after injection, respectively. The 
accumulation of radioactivity of [18F]FDG in the tumors was 2.23 ± 0.15% ID/g at 0.5 h, 1.70 ± 0.17% ID/g at 2 
h, and 1.61 ± 0.18% ID/g at 4 h after injection. 99mTc-EC-DG exhibited higher tumor/muscle and tumor/brain 
ratios than [18F]FDG. On the other hand, [18F]FDG exhibited a higher tumor/blood ratio than 99mTc-EC-DG, 
with no difference in the tumor/lung ratio. Scintigraphy images were obtained in rats bearing breast tumors at 1, 
30, and 120 min after intravenous injection of 99mTc-EC-DG. The smallest tumor size that could be visualized 
was 3 mm. The tumor/muscle ratios were 1.70, 1.58, and 1.82 for the small tumors and 2.36, 2.41, and 2.88 for 
the medium tumors at the time points, respectively. Pretreatment with FDG decreased the tumor/muscle ratios 
by 40%, whereas pretreatment with insulin increased the tumor/muscle ratios by 60%. Little tumor 
accumulation was observed with 99mTc-EC.

Other Non-Primate Mammals
[PubMed]

No publication is currently available.

Non-Human Primates
[PubMed]

No publication is currently available.

Human Studies
[PubMed]

Human dosimetry was estimated on the basis of SPECT scans after injection of 925 MBq (25 mCi) 99mTc-EC-
DG in seven patients with non-small-cell lung cancer (NSCLC) (19). The urinary bladder received the highest 
dose (0.0247 mGy/MBq (91 mrad/mCi)). Other organs that received high doses were the kidney (0.0123 
mGy/MBq (45.6 mrad/mCi)) and lung (0.0056 mGy/MBq (20.7 mrad/mCi)). The effective dose equivalent was 
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0.0059 mSv/MBq (21.8 mrem/mCi). The blood clearance of 99mTc-EC-DG was rapid with <0.0005% ID at 1 h 
after injection. The primary lung tumor was visualized in six of the seven patients. The other patient was found 
to have granuloma, which was detected with [18F]FDG. The tumor/blood ratios were 4.0 and 20.5 for 99mTc-
EC-DG and [18F]FDG, respectively.

NIH Support
CA16672
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