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Summary. Glucose uptake and metabolism are essential 
for proliferation and survival of cells, and are supposed 
to be enhanced in actively proliferating cell systems such 
as embryonic and cancer tissues. Glucose uptake is  
usually carried out through glucose transporters. 

In the developing fetal lung, metabolism of glucose 
is thought to be an important process in cell proli- 
feration, differentiation and maturation. Active glucose 
uptake could result in accumulation of glycogen in 
epithelial cells, and utilization of glycogen could be a 
critical phenomenon for lung epithelia1 development. In 
hamsters, although facilitative glucose transporter 
isoform 1 (GLUTl) and isoform 4 (GLUT4) are not 
detected in adult lungs, expression of them is detected 
with immunohistochemical and Western blot analyses in 
the developing fetal lungs. 

In human lung carcinomas, GLUTl expression is 
seen in most cases of lung carcinoma, and is seen 
especially frequently in squamous cell carcinoma. 
GLUTl expression in adenocarcinoma of the lung is 
correlated with reduced cell differentiation, larger tumor 
size and positive lymph node metastasis. A few cases of 
lung carcinoma show positive staining for GLUT3 and 
GLUT4. 

Thus, expression of some facilitative glucose 
transporter isoforms is detected in developing fetal 
epithelium and in lung carcinomas. Overexpression of 
them could enhance uptake of glucose into these cells, 
and the increased influx of glucose could be involved in 
active cell proliferation, which is a common character of 
the developing lung epithelium and carcinoma. 
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1. Introduction 

Glucose transporters are integral membrane proteins 
that transport glucose and its analogues across the 
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cellular membrane. Two types of glucose transporters, 
Na+-dependent active glucose transporter and facilitative 
glucose transporter have been reported to exist in 
mammalian cells. In the lumen of absorptive cells of the 
small intestine and renal tubule, there is an energy- 
dependent Na+/glucose cotransporter,  and this 
transporter family utilizes the movement of Na+ to drive 
the uptake of glucose (Hediger et al., 1987; Coady et al., 
1990). Unlike the normally distributed Na+-dependent 
glucose transporter, all mammalian cells contain one or 
more members of the facilitative glucose transporter 
gene family (reviewed in Gould and Bell, 1990;  
Mueckler, 1994; Olson and Pessin, 1996). These 
facilitative glucose transporters regulate the movement 
of glucose between the extracellular and intracellular 
spaces with passive diffusion solely down the glucose 
concentration gradient. 

The facilitative glucose transporters share significant 
sequence similarity, and seven members of this gene 
family have been reported. These proteins are named 
GLUT (for glucose transporters) 1-7, based on the 
chronological order of their identification and isolation. 
They are expressed in a tissue- and cell-specific manner, 
and exhibit different kinetic and regulatory properties. 
GLUTl is widely expressed in adult and fetal tissues and 
provides many cells with their basal glucose requirement 
(Mueckler et al., 1985). In adult tissues, GLUTl is 
abundant in erythrocytes (Kasahara and Hinkle, 1977) 
and endothelial cells (Pardridge et al., 1990). In fetal 
tissues, GLUTl is expressed at high levels (Devaskar et 
al., 1991; Hogan et al., 1991; Santalucia et al., 1992; 
Postic et al., 1994), and GLUTl is upregulated in a wide 
spectrum of human malignant neoplasms (Yamamoto et 
al., 1990; Younes et al., 1996). GLUT2 ia a high-Km 
isoform expressed in hepatocytes, pancreatic B cells, and 
absorptive cells of intestinal and renal tubular epithelia 
(Fukumoto et al., 1988; Thorens et al., 1988). GLUT2 
has been proposed to play a role in blood glucose 
sensing (Orci et al., 1989; Thorens, 1992). GLUT3 is a 
low-Km isoform, and is abundant in neuronal tissue 
(Kayano et al., 1988; Nagamatsu et al., 1992). GLUT4 is 
predominantly expressed in insulin-sensitive cells, which 
include skeletal and cardiac muscle cells as well as 
adipocytes (Birnbaum, 1989; Charron et al., 1989; 






















