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Mechanisms of Glucose Uptake in Cancer Tissue
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Abstract

Cancer cells are known to show increased rates of glycolysis metabolism. Based on this, PET studies ‘using
F-18-fluorodeoxyglucose have been used for the detection of primary and metastatic tumors. To account for
this increased glucose uptake, a variety of mechanisms has been proposed. Glucose influx across the cell
membrane is mediated by a family of structurally related proteins known as glucose transporters (Gluts).
Among 6 isoforms of Gluts, Glut-1 and/or Glut-3 have been reported to show increased expression in
various tumors. Increased level of Glut mRNA transcription is supposed to be the basic mechanism of Glut
overexpression at the protein level. Some oncogens such as src or ras intensely stimulate Glut-1 by means
of increased Glut-1 mRNA levels. Hexokinase activity is another important factor in glucose uptake in
cancer cells. Especially hexokinase type II is considered to be involved in glycolysis of cancer cells. Much
of the hexokinase of tumor cells is bound to outer membrane of mitochondria by the porin, a hexokinase
receptor. Through this interaction, hexokinase may gain preferred access to ATP synthesized via oxidative
phosphorylation in the inner mitochondria compartment. Other biologic factors such as tumor blood flow,
blood volume, hypoxia, and infiltrating cells in tumor tissue are involved. Relative hypoxia may activate the
anaerobic glycolytic pathway. Surrounding macropbages and newly formed granulation tissue in tumor
showed greater glucose uptake than did viable cancer cells. To expand the application of FDG PET in
oncology, it is important for nuclear medicine physicians to understand the related mechanisms of glucose
uptake in cancer tissue. (Korean J Nucl Med 1999;33:1-10)
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Fig. 1. Main mechanisms of increased glycolysis in cancer cells are enhanced expression of glucose
transporter on the cell membrane and increased activity of glycolytic enzyme, especially

hexokinase.
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Table 1. Mammalian Glucose Transporters

3

Name

Tissue Distribution

Proposed Function

Glut-1

Glut-2

Glut-3

Glut-4

Glut-5

Glut-7

Many fetal and adult tissues; abundant in hu-
man red cells, endothelia, and many im-
mortalized cell lines

Hepatocytes, pancreatic f-cells,
kidney

Widely distributed in human tissues; restricted
to brain in other species

intestine,

Skeletal muscle, heart, adipocytes

Intestine (jejunum), lesser amounts in adi-
pose, muscle, brain, and kidney tissues
Hepatocytes and other (?) gluconeogenic tis-

sues

Basal glucose and increased supply for gro-
wing/dividing cells; transport across blood
brain barrier and other barrier tissues

High-capacity low-affinity transport; transepi-
thelial transport (basolateral membrane)

Basal transport in many human cells; uptake
from cerebral fluid into brain parenchymal
cells

Rapid increase in transport in response to ele-
vated blood insulin; important in whole-body
glucose disposal

Intestinal absorption of fructose and other (?)
hexoses

Mediates flux across endoplasmic reticulum
membrane

Fig. 2. Five glucose transporters form an aqueous tunnel for transportation
of a glucose molecule. A glucose molecule is proposed to have
hydrogen-bonds to polar amino acid side chains comprising the wall

of the agueous channel.
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Fig. 3. Western blot analysis of Glut-1 using lysates from colon cancer
tumors detected a major band 57 kd and a minor band 28 kd (lane
l=molecular marker, lane 2=SNU-C2A, lane 3=SNU-C4, lane

4=SNU-C5).
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Fig. 4. Glut-1 (A) and A -actin (B) Northen blot using
mRNAs of SNU-C2A (lane 1, 2), SNU-C4
(lane 3, 4), SNU-C5 (lane 5, 6) and normal
colon tissue (lane 7) showed much more
Glut-1 message present in SNU-C5 tumor
than in SNU-C2A and SNU-C4 tumors (C).

Table 2. F-18-FDG Uptake in Colon Cancer Tumor
Xenografted in Nude Mice

Tumor FDG Uptake (%ID/g)
SUN-C2A 3.68+0.71%
SNU-C4 4.03+1.06
SNU-C5 4.9740.92*

Each value is expressed as mean-SD for 7 sub-
jects; *, Statistically significant according to Stu-
dent’s test p<0.01; FDG, fluorodeoxyglucose.
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Table 3. Expression Profile of Glut and Glut mRNA in Human Colon Cancer Tumors Xenografted in Nude

Mice
Tumor
SNU-C2A SNU-C4 SNU-C5

Immunohistochemisty

Glut-1 - + ++

Glut-2 - — -

Glut-3 - - +

Glut-4 — - —

Glut-5 - — —
Western bolt

Glut-1 + + +

Glut-2 — — —

Glut-3 + + +

Glut-4 — — —

Glut-5 — — —
RT-PCR

Glut-1 + + +++

Glut-2 - — —

Glut-3 + — ++

Glut-4 + — +
Northern bolt

Glut-1 + -+ ++

Glut-2 ’ - — —

Glut-3 — — +

Glut-4 — — -

Glut, glucose transporter; RT-PCR, Reverse-transcription polymerase chain reaction.
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Fig. 5. A schematic model shows the functional integration of mitochon-
drially bound hexokinase within tumor cell glucose metabolism. P:
porin, AdNT: adenine nucleotide translocase, OMM: outer mito-
chondria membrane, IMM: inner mitochondria membrane, IMS:
inner mitochondrial space, PPP: pentose phosphate shunt, PRPP:
phosphoribosylpyrophosphate.
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Fig. 6. H&E and autoradiographic images of F-18-FDG showed decreased F-18-FDG uptake in the central

necrotic areas of tumors.
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Fig. 7. The tumor uptake of F-18-FDG was inversely proportional to the weight
of sarcoma 180 tumors transplanted in ICR mice.
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