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Glucose-dependent glucose transporter 1 expression
and its impact on viability of thyroid cancer cells
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Abstract. Cancer cells exhibit an altered metabolism char-
acterized by enhanced glycolysis and glucose consumption.
In glucose-addicted cancer cells upregulation of glucose
transport across the plasma membrane is mediated by a
family of facilitated glucose transporter proteins, particu-
larly glucose transporter 1 (GLUTI). The aim of the present
study was to investigate the impact of GLUT1 expression on
glucose uptake and viability of FTC-133 and 8305¢ thyroid
cancer cells growing in hypoglycemic, normoglycemic
and hyperglycemic conditions. The results showed that the
total expression of GLUT1 was higher in the two cell types
growing in low glucose compared to cells growing in normo-
glycemia or hyperglycemia and this was correlated with
AKT Ser473 phosphorylation but not with the expression of
hypoxia inducible factor o (HIF1a). However, the membrane
expression of GLUT1 was correlated with HIF1a expression.
HIF1a expression was positively correlated with the glucose
concentration in FTC-133 cells, whereas this expression
was inversely correlated in 8305c cells. Glucose uptake was
dependent on the membrane level of GLUT1 but not total
GLUT!1 expression. Downregulation of GLUT1 expression
by RNAIi in FTC-133 cells caused a reduction in glucose
uptake but did not significantly affect cell viability. In the
case of 8305c cells showing low endogenous GLUT1 expres-
sion and lack of HIFla expression in normoxic conditions
GLUTI1 RNAIi impacted cell viability. These data suggested
that GLUT1 may be part of an AKT1-dependent mechanism
allowing cells to survive in low levels of glucose. Glucose
concentration inversely affected HIFla expression and the
level of GLUT1 in membrane as well as glucose uptake in
FTC-133 and 8305c cells. The extent of GLUT1 impact on
cell viability was also cell-type-dependent.
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Introduction

Cancer cells exhibit an altered metabolism characterized
by high rates of glucose consumption and glycolysis (1,2).
Glucose-addicted cancer cells were found to be very sensi-
tive to glucose concentration levels. Glucose deprivation
may induce growth inhibition and death of cancer cells (3-5).
Enhanced glucose requirement of cancer cells is associated
with increased glucose transport across the plasma membrane,
which is mediated by a family of facilitated glucose transporter
proteins, known as glucose transporters (GLUTSs) (6-9). In
mammals, 14 GLUTSs have been identified and each possesses
a different affinity for glucose and other hexoses (9,10). The
results of recent studies have demonstrated that the expression
of glucose transporters, particularly GLUT]I, is increased in
a variety of malignancies including breast, endometrial, head
and neck, salivary gland, colorectal, gastric, lung and thyroid
cancers (11-16). The overexpression of GLUT1 is often asso-
ciated with enhanced invasive potential and poor prognosis.
GLUT!1 expression has also been shown to correlate with
the level of tumor hypoxia. Hypoxia inducible factor (HIF)
is responsible for the transcription activation of a number of
glycolytic genes as well as GLUT1 (17).

Results of epidemiological studies indicate that obesity and
diabetes are associated with an increased risk of several types
of cancer, including colonic, esophageal, gastric, liver, pancre-
atic, kidney, endometrial, breast, and bladder cancer (18-23).
Chronic high blood glucose level seems to be a key factor of
cancer progression (24). However, whether diabetes or hyper-
glycemia increases the risk of thyroid cancer has not been
extensively studied. The relationship between chronic high
glucose level and thyroid cancer are not fully elucidated and
the results of available studies are controversial (25).

The aim of the present study was to investigate the rela-
tionship between the expression of GLUT1 and glucose uptake
as well as viability of thyroid cancer cells growing in hypogly-
cemia, normoglycemia and hyperglycemia conditions.

Materials and methods

Reagents and antibodies. Chemicals were obtained from
Sigma-Aldrich (St. Louis, MO, USA) except as noted.
Cell culture reagents and materials were purchased from
Invitrogen (Carlsbad, CA, USA), Cytogen (Sinn, Germany)
and Corning Inc. (Corning, NY, USA). The antibodies from
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Santa Cruz Biotechnology, Inc., (Santa Cruz, CA, USA) used
were: mouse monoclonal anti-GLUTS3, rabbit polyclonal
anti-HIFla, mouse monoclonal anti-B-actin, goat poly-
clonal anti-rabbit IgG-HRP and goat polyclonal anti-mouse
IgG-HRP. The polyclonal rabbit anti-GLUT1 antibodies were
from Abcam (Cambridge, UK). Mouse monoclonal anti-AKT1
and rabbit polyclonal anti-phospho-AKT1 (Ser473) were from
Cell Signaling Technology, Inc. (Beverly, MA, USA).

Cell culture and treatment. FTC-133 (follicular) and 8305¢
(anaplastic) thyroid cancer cells were obtained from the
European Collection of Cell Cultures (ECACC) (Wiltshire,
UK). The cells were grown in Dulbecco's minimal essential
medium (DMEM) supplemented with 2 mM glutamine and
10% fetal bovine serum (FBS) in a humidified atmosphere
containing 5% CO, at 37°C. Hypoxic treatment conditions
were based on normal oxygen conditions with the chemical
hypoxic agent cobalt chloride (CoCl,) being added to the
medium. CoCl, was used at a final concentration of 100 M.
To assess the impact of hypoglycemia, normoglycemia and
hyperglycemia on cell viability and glucose uptake cells were
grown for 48 h in medium containing 2, 5 or 25 mM glucose,
respectively.

Silencing of GLUTI. For reduction of GLUT1 expression
Silencer Select siRNA was used (ID: s12926; Ambion
Life Technologies, Carlsbad, CA, USA). In the negative
control experiments scrambled non-silencing siRNA was
used (Silencer Select Negative Control no. 1; Ambion, Life
Technologies, Carlsbad, CA, USA). Transfections were carried
out using Lipofectamine™ RNAiMAX (Invitrogen) following
the manufacturer's instructions. The cells were treated with
30 nM of siRNAs, and the effect of interference was assessed
after 48 or 72 h. Cell lysates were collected and reverse tran-
scription PCR (RT-PCR) and western blotting were performed
to assess the effectiveness of RNAI.

RT-PCR. RNA was isolated from the FTC-133 and 8305c
cells using the total RNA isolation kit (A&A Biotechnology,
Gdynia, Poland) according to the manufacturer's instructions.
First-strand cDNAs were obtained by the reverse transcription
of 1 ug of total RNA using a High-Capacity cDNA Reverse
Transcription kit (Applied Biosystems, Foster City, CA, USA)
following the manufacturer's instructions. Real-time amplifi-
cation of the cDNA was performed using a TagMan® Gene
Expression Assay (Applied Biosystems). The fluorogenic,
FAM-labeled probes and the sequence-specific primers
for SLC2A1I (gene coding GLUT1) and the internal control
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were
obtained as inventoried assays (Hs00982681 and Hs99999905,
respectively). GLUT mRNA levels normalized to GAPDH
mRNA levels were calculated using the formula: 24, where
ACt = Ctgyr; - Ctgappu- Relative amounts of mRNA in
GLUT!1 siRNA-treated cells are indicated as a percentage of
the amount of mRNA in control cells.

Isolation of the plasma membrane proteins. Surface proteins
were isolated from cells by affinity chromatography on
streptavidin-agarose after plasma membrane protein bioti-
nylation.
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The cells grown on the 100-mm Petri dishes were washed
twice with ice-cold phosphate-buffered saline (PBS) and incu-
bated with 250 pg/ml N-hydroxysucinimide-long-chain-biotin
(NHS-LC-biotin; Thermo Scientific, Waltham, MA, USA)
in PBS for 1 h at 4°C. To stop the biotinylation, monolayers
were rinsed three times with ice-cold PBS containing 15 mM
glycine. The cells were then scraped on ice in PBS, the number
of cells were counted and the same amount of cells (107) was
added to each tube and centrifuged at 200 x g for 5 min. Cell
pellets were lysed with RIPA buffer (0.15 M NaCl, 50 mM
HEPES pH 7.1, 1% Triton X-100, 0.5% DOC, 0.1% SDS,
10 mM EDTA, 2 mM PMSF) and centrifuged at 9,000 x g for
3 min. The supernatants were transferred to new vials with
100 ul streptavidin-agarose beads (Sigma-Aldrich, St. Louis,
MO, USA) and gently mixed overnight at 4°C. After centrifu-
gation, the supernatants were removed, the beads were washed
five times with 1 ml 0.15 M NaCl, 10 mM Tris-HCI pH 7.0
containing 2 mM PMSF, and once again with PBS. The final
pellet was resuspended in 200 1 Laemmli's buffer (1.2-fold
concentration without mercaptoethanol) and incubated for
30 min at 65°C. The supernatants containing solubilized cell
surface proteins were separated from the beads by centrifuga-
tion, collected and run on SDS-PAGE.

Western blotting. Proteins of the cell lysates and cell surface
protein samples were resolved by 10% SDS-PAGE and elec-
troblotted onto Immobilon-P transfer membranes. The blots
were incubated with primary antibodies for 2 h in room
temperature. After washing three times with Tris-buffered
saline (TBS) the blots were incubated for 1 h with goat anti-
mouse or anti-rabbit secondary antibodies conjugated with
horseradish peroxidase. Proteins were visualized on X-ray
film by an enhanced chemiluminescence method. For loading
control, the blots were reprobed with anti-f-actin antibody
following a stripping protocol. Gel-Pro Analyzer software
version 3.0 (Media Cybernetics, Inc., Bethesda, MD, USA)
was used for the densitometric analysis of the protein bands.

Cell viability assay. Cell viability was assessed using the
MTT assay. Cells were plated in 96-well plates at a density
of 10,000 or 15,000 for FTC-133 and 8305c, respectively and
cultivated for 24 h in standard conditions. The medium was
replaced with a new medium and the cells were appropriately
treated with different glucose concentrations, CoCl, and
siRNA. Twenty microliters of 0.05% [3-(4,5-dimethylthiazol-
2-y1)-2,5 diphenyltetrazolium bromide MTT] (Sigma) in PBS
was added to each well and the cells were incubated for 3 h in
37°C. The medium was then removed and 50 ul of DMSO was
added. Absorbance of the formazan product was measured at
590 nm by a microtiter plate reader (Bio-Rad, Hercules, CA,
USA) with a blank (medium alone) as the background control.

2-NBDG assay. To analyze glucose uptake the fluorescent
glucose analog, 2-(N-[7-nitrobenz-2-oxa-1,3-diazol-4-yl]
amino)-2-deoxyglucose (2-NBDG), which allows for direct
quantification of glucose incorporation in living cells by flow
cytometry, was used (26). Cells grown for 48 h in medium
containing 2,5 or 25 mM glucose were washed with Dulbecco's
phosphate-buffered saline (DPBS) and medium containing
0.25 mM glucose and 300 pM 2-NBDG was added. After
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Figure 1. Effect of hypoglycemia, normoglycemia and hyperglycemia on the
expression of GLUT1, GLUT3 and HIFla in normoxic and hypoxic condi-
tions in FTC-133 (A) and 8305¢ cells (B). Differences in GLUT1 and HIF1a
expression levels in FTC-133 and 8305c cells (C). The immunodetection of
GLUT]1 and HIF1a in lysates from the cells treated with CoCl, was performed
on one blot to show the expression differences. GLUT], glucose transporter 1;
HIF1a, hypoxia inducible factor a.

40 min incubation the cells were washed twice with DPBS,
trypsinized, centrifuged and resuspended in DPBS. In the flow
cytometer, optical filters were set up such that 2-NBDG was
measured using the green fluorescence (520 nm) channel FL1.
The results were collected as the median fluorescent signal
from a population of 10* cells.

Statistical analysis. Experimental data are presented as the
means + SD. For comparison of groups, the Student's t-test
was used. P<0.05 was considered to indicate a statistically
significant result.

Results

Glucose-dependent HIFlo and GLUTI expression in
normoxic and hypoxic conditions. To determine whether the
glucose concentration affected the level of GLUT1 expression
FTC-133 and 8503c cells were grown for 48 h in medium
containing 2, 5 or 25 mM glucose, resembling hypogly-
cemic, normoglycemic and hyperglycemic conditions. The
cells were or were not treated for 48 h with 100 yM cobalt
chloride to induce hypoxic conditions. In cell lysates the
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Figure 2. Effect of hypoglycemia, normoglycemia and hyperglycemia on the
level of GLUT1 in plasma membrane in normoxic and hypoxic conditions in
FTC-133 and 8305¢ cells. GLUT], glucose transporter 1.

expression of GLUT1, GLUT3 and HIFla were analyzed
by western blotting (Fig. 1A and B). The results showed that
the total GLUT]1 expression in the two cell types was higher
than that in GLUT3. Numerous immunoreactive bands were
present in GLUT1 immunoblot analysis due to glycosylation
of GLUTI. For FTC-133 the expression of HIFla was much
higher in cells treated with cobalt chloride compared to cells
growing under normoxic conditions. A significant increase in
the level of this protein under normoxic and hypoxic condi-
tions with the increasing glucose concentration was observed.
GLUT]1 expression was also higher in cells incubated with
cobalt chloride compared to cells in normoxia. However, the
expression of this protein did not exhibit a positive correlation
with glucose concentration. GLUT3 expression was higher in
cells treated with 25 mM glucose compared to cells grown in
hypoglycemia or normoglycemia. HIFla expression in 8305¢
cells under normoxic conditions was undetectable. The cobalt
chloride treatment caused an increase in the expression of this
protein, however, in contrast to FTC-133 cells, the expression
was inversely correlated with glucose concentration. The
expression of GLUTI1 also decreased with the increasing
glucose concentration in the media. No difference in the
expression of GLUT3 was detected.

The cell lines used in the present study showed significant
differences in the level of total GLUTI1 expression, which
is particularly evident in the hypoxic conditions. FTC-133
showed a much higher expression of GLUTI than that in
8305c¢ cells (Fig. 1C).

To estimate the plasma membrane level of GLUTI the
surface protein fractions of cells treated with different glucose
concentration for 48 h were isolated. Western blot analyses
showed that in FTC-133 cells plasma membrane GLUTI
expression increased with the increasing glucose concentra-
tion. The opposite results were obtained for 8305c cells, in
which GLUTT1 level in plasma membrane decreased with
the increasing glucose level (Fig. 2). The plasma membrane
expression levels of GLUT1 in the two cell types were corre-
lated with the expression of HIF1a.

Glucose-dependent changes in AKTI phosphorylation. In
cells growing in hypoglycemia, normoglycemia and hypergly-
cemia for 48 h, the expression and phosphorylation of AKT1
were analyzed (Fig. 3). The results showed that in FTC-133
and 8305c, AKT1 expression was unchanged in all the glucose
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Figure 3. (A) Reduced expression of GLUTI in FTC-133 and 8305c cells
growing in hyperglycemia is correlated with reduced phosphorylation of
Ser473 AKTI. (B) The intensity of the bands was analyzed by densitometry.
GLUT]1, glucose transporter 1.
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Figure 4. Effect of hypoglycemia, normoglycemia and hyperglycemia on
viability of (A) FTC-133 and (B) 8305c¢ cells. Data are presented as the
average of at least three independent experiments (+ SD) "P<0.05, “P<0.01
and ""P<0.001.
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Figure 5. Glucose analog 2-NBDG uptake to (A) FTC-133 and (B) 8305¢ cells
in hypoglycemia, normoglycemia and hyperglycemia. Data are presented as
the average of at least three independent experiments performed in tripli-
cate (+ SD) "P<0.05, “P<0.01 and ""P<0.001.

conditions but phosphorylation of Ser473 was higher in cells
growing in low-glucose medium compared to cells in hypergly-
cemia. Glucose-dependent changes in AKT1 phosphorylation
were correlated with total GLUT1 expression.

Impact of glucose concentration in medium on cell viability
and glucose analog uptake. Viability of cells growing for 48 h
in medium containing 2, 5 or 25 mM glucose in normoxia or
hypoxia was assessed using the MTT assay. The viability of
cells growing in chemically induced hypoxia, i.e., in medium
containing cobalt chloride was significantly lower compared
with cells growing in normoxia. For FTC-133 and 8305c cells
growing in normoxia, the increase in viability (20-40%) was
correlated with an increase in glucose concentration. There
was no impact of glucose concentration on the viability of
cells growing in hypoxic conditions (Fig. 4).

The 2-NBDG uptake of cells growing in hypoglycemia,
normoglycemia and hyperglycemia for 48 h was quantified by
flow cytometry (Fig. 5). FTC-133 cells growing in hypergly-
cemic conditions showed greater 2-NBDG uptake level than
cells growing in medium with low-glucose concentration. The
opposite results were obtained for 8305c cells. A significant
decrease in the glucose uptake level was observed in cells
growing in high glucose compared to ones in low glucose.

Impact of GLUTI downregulation on cell viability and glucose
analog uptake. To determine whether the observed changes in
cell viability and glucose uptake are associated with GLUT]I,
the expression of GLUT1 was downregulated using siRNA.
The control cells were transfected with a non-silent scrambled
RNA duplex. The effect of RNAi was assessed by RT-PCR
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Figure 6. (A) GLUT1 mRNA, (B) total protein and (C) membrane expression
levels in FTC-133 and 8305c¢ cells 48 or 72 h after siRNA treatment. GLUT],
glucose transporter 1.

and western blotting after 48 or 72 h. siRNA treatment caused
a significant decrease in the mRNA and protein levels (Fig. 6).
After 72 h the total protein level was reduced by 90% in
the two types of thyroid cancer cells (Fig. 6B). A significant
decrease of the GLUT] level in the cell membrane was also
observed (Fig. 6C). There was no effect of GLUT1 interfer-
ence on GLUT3 expression.

The viability of control cells and cells treated with siRNA for
72 h was analyzed. There was no significant impact of GLUT1
downregulation on the viability of FTC-133 cells growing in
hypoglycemia, normoglycemia or hyperglycemia (Fig. 7A).
Cells (8305c¢) treated with siRNA and growing in normoxic
conditions irrespective of the glucose concentration showed
decreased cell viability and proliferation by ~20% (Fig. 7B).
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Figure 7. Effect of GLUT1 expression downregulation on (A) FTC-133 and
(B) 8305c cell viability. Data are presented as the average of at least three
independent experiments performed in triplicate (+ SD) "P<0.05, “P<0.01
and “"P<0.001. GLUTI, glucose transporter 1.
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Figure 8. Effect of GLUT1 expression downregulation on glucose analog
2-NBDG uptake to (A) FTC-133 and (B) 8305c¢ cells. Data are presented as
the average of at least three independent experiments performed in tripli-
cate (x SD) "P<0.05, “P<0.01 and “"P<0.001. GLUT], glucose transporter 1.
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However, GLUT1 downregulation did not affect the viability
of cells growing in hypoxia conditions.

In FTC-133 cells, a reduced expression of GLUT1
caused marked changes in 2-NBDG uptake in normoxia
and hypoxia (Fig. 8A). GLUTI1 may have a greater impact
on glucose uptake in low than in high glucose. For 8305¢c
cells reduced glucose uptake has been observed mainly in
low-glucose concentration (Fig. 8B).

Discussion

The impact of GLUT1 on glucose uptake and on the viability
of FTC-133 and 8305c thyroid cancer cells growing in hypo-
glycemia, normoglycemia and hyperglycemia was analyzed.
The total expression of GLUTI in FTC-133 and 8305¢ cells
was highest in cells growing in hypoglycemic conditions and
lowest in hyperglycemic conditions. This result suggests that
GLUTI is a stress-responsive factor when glucose is limited.
An association between the level of GLUT1 or GLUT3
expression and HIF-1 has been identified (27-33). This factor
also induces the transcription of genes involved in glycolysis
and causes an increase in the glucose metabolic rate (17). Our
results show an opposite effect of glucose concentration on
HIFla expression in the studied cell types. In FTC-133 cells
in normoxia and hypoxia an increase in HIFla expression
with an increase in glucose concentration was observed. The
expression of HIF1a as well as GLUT1 was higher in hypoxic
condition compared to normoxia, which is consistent with
previous studies (27,29). However, no correlation was identi-
fied between glucose-dependent total GLUT1 and HIFla
expression. This suggests that glucose concentration affected
GLUT!1 expression irrespective to that of HIF1. Previous data
have shown that HIF1a is not always correlated with glucose
uptake. Bos et al (34) have shown that HIFla levels did not
correlate well with increased (18) fluorodeoxyglucose (FdG)
uptake measured by positron emission tomography in breast
cancer. Yun et al (20) showed that the increased GLUT1 tran-
scription in colorectal cancer cells was unrelated to HIFla
since genetic disruption of the HIFIA gene did not affect
the expression of GLUTI, or survival under hypoglycemic
conditions. There are several possible mechanisms of GLUT1
expression regulation. Some oncogenes or suppressor proteins,
including Ras, Raf, Myc, Src and p53 have been known to
promote glucose uptake and metabolism as well as induce the
transcription of GLUT1 (20,35-37). A serine/threonine kinase
AKT is also one of the major factors involved in the stimu-
lation of glucose transport and aerobic glycolysis in cancer
cells (38). Activation of AKT is commonly observed in cancer
cells, including thyroid cancer (39). AKT is a key mediator
of cancer cell survival (40). Gao et al (41) demonstrated that
in cancer cells transient glucose deprivation induces AKT
phosphorylation at Thr308 and Ser473. However, in ovarian
cancer, cells with constitutive activation of AKT glucose
deprivation resulted in the activation of AMPK and inhibi-
tion of AKT phosphorylation (42). Our results have shown
that AKT1 phosphorylation in FTC-133 and 8305c cells is
dependent on the glucose concentration, i.e., it is the highest
in hypoglycemic conditions and the lowest in hyperglycemia,
which is consistent with GLUTI1 total expression. This
finding suggests that GLUT1 overexpression may be part of
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the AKTI1-dependent mechanism allowing cells to survive
in low glucose. Alternatively, high glucose may reduce AKT
signaling in cells, resulting in a lower expression of GLUT1.

Although glucose-dependent GLUT]1 total expression is
not correlated with HIFla expression, the membrane level
of this glucose transporter seems to be regulated by HIFla.
In both cell types the level of GLUTI in plasma membrane
was correlated with the expression of HIFla and with the
glucose uptake level. However, the glucose concentration had
an inverse effect on the expression of HIFla and GLUT] as
well as glucose uptake in FTC-133 and 8305¢ cells. Currently,
we cannot explain the reason for the different effects of hypo-
glycemia, normoglycemia and hyperglycemia on FTC-133 and
8305c cells.

Viability of cells grown for 48 h in low glucose was lower
by 40 or 20% for FTC-133 and 8305c cells, respectively,
compared to cells grown in hyperglycemic conditions, which
may support the hypothesis that high-glucose concentration is
favorable for cancer development and progression. The results
of Mathews et al (43) concerning the effect of glucose concen-
tration on survival of HeLa cells showed that a reduction of
glucose level from 6 to 3 mM reduced cancer cell survival by
>30% only after 4 h exposure. However, those authors signifi-
cantly reduced the concentration of glutamine levels, which is
the second most important nutrient compound for cancer cells.
Thus, a strong impact on cell survival resulted from combining
glucose and glutamine starvation.

It has been shown that a reduced expression of GLUT1
affects cell growth and proliferation in a similar manner
to glucose starvation. Young et al (44) have reported that
reducing GLUT]1 expression in mouse mammary tumor cell
lines using shRNA reduced glucose transport and growth of
cells. Li ez al (45) found that GLUT1 overexpression promoted
the cell viability of head and neck carcinoma cells whereas
GLUT! silencing had the opposite effect. On the other hand,
in ovarian cancer cells sensitivity to glucose deprivation is
independent of GLUT1 expression, growth rate or the rate of
glucose uptake (42).

The main issue raised in our study was whether GLUT1
affected glucose uptake and viability of thyroid cancer cells.
To address this issue, we used RNA interference to reduce
the expression of GLUTI. The results showed that down-
regulation of GLUT1 expression in FTC-133 cells reduced
2-NBDG uptake by ~20-25%, yet did not significantly affect
cell viability. These results are convergent to the results of
Young et al (44) who showed that in some mouse mammary
tumor cells the overexpression of GLUT]1 increased glucose
transport without increasing proliferation. However, since
RNAI significantly reduced but did not eliminate GLUTI1
expression in FTC-133 cells we cannot exclude the possibility
that the remaining amount of protein is sufficient to transport
enough glucose for cell survival. For 8305c cell reduction
of GLUT]1 expression by RNAi caused a decrease in cell
viability by ~20% but only in normoxic conditions. In 8305¢c
cells growing in normoxia the expression of GLUT1 was much
lower compared to FTC-133, while RNAi almost completely
eliminated this protein. However, glucose uptake was affected
only in cells growing in low glucose.

Taken together our results suggest that the extent of
GLUT]1 impact on glucose uptake and cell viability may be
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cell-type-dependent. GLUT1 overexpression in low glucose
suggests that GLUT] is a universal stress responsive factor
when glucose is limited. The effect of glucose concentration on
GLUT! expression and the fact that cancer cells are addicted
to glucose render GLUT1 a promising therapeutic target.
However, we suggest that strategies targeting GLUT1 alone
may not be sufficient to reduce thyroid cancer cell viability.
On the other hand GLUT1 may be considered a useful target in
combination with other molecules that regulate tumor metabo-
lism, such as certain oncogenes.
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