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There has been recent interest in the relationship between 18F-
FDG uptake and the angiogenic activity of endothelial cells
(ECs). The angiogenic process is strongly dependent on the in-
teraction of ECs with matrix fibronectin (FN), a key regulator of
EC survival, migration, and proliferation. Therefore, we investi-
gated how FN influences EC glucose uptake and elucidated
the signaling pathways that mediate this effect. Methods:
Human umbilical vein ECs were allowed to adhere to FN-coated
plates and were compared with control cells for 18F-FDG uptake,
membrane GLUT1 levels, and hexokinase activity. The roles of
focal adhesion kinase (FAK), phosphatidylinositol 3-kinase
(PI3K), and Akt were evaluated with Western blotting, small inter-
fering RNA (siRNA), and specific inhibitors. Results: FN adhesion
significantly enhanced the protein-corrected 18F-FDG uptake in
HUVEC, to 2.1-, 2.7-, and 4.3-fold that in control cells by 2, 3,
and 5 d, respectively. This effect was mediated by the upregula-
tion of both membrane GLUT1 expression and hexokinase activ-
ity and was accompanied by FAK activation. Silencing of FAK
signaling by siRNA completely abrogated both FN-induced
FAK phosphorylation and 18F-FDG uptake. FN also activated
PI3K and Akt, well-known angiogenesis mediators, and the inhi-
bition of either pathway totally abolished the effect of FN on
18F-FDG uptake. Nitric oxide, a downstream Akt effector that
stimulates glucose uptake, was not involved in the metabolic
effect of FN. Conclusion: The results of this study demonstrated
that an EC–FN interaction induces strong enhancement of
18F-FDG uptake through the upregulation of GLUT1 expression
and hexokinase activity. The findings also showed that the re-
sponse occurs through FAK-mediated activation of PI3K and
Akt, indicating a role for this pathway in modulating EC glucose
metabolism.
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Endothelial cells (ECs) have recently gained attention as
an important nontumor cellular component of signif-
icant glucose use and 18F-FDG uptake (1–5). ECs take up
18F-FDG avidly in magnitudes comparable to or even greater
than those of tumor cells and macrophages (2) and cause high
levels of 18F-FDG uptake in tumors of vascular endothelial
origin (6,7). An issue of particular interest in EC 18F-FDG
uptake is its relationship to angiogenic activity, a fundamen-
tal step in tumor growth and ischemic injury healing.
Observations in patients with cancer have shown tumors to
have 18F-FDG kinetics that are modulated by angiogenesis-
related gene expression (8), and in some instances 18F-FDG
uptake has been correlated with histologic markers of
angiogenesis (9,10). These findings likely reflect the in-
creased metabolic activity of tumor cells but may also be
partly attributable to the augmented 18F-FDG uptake in
activated endothelia in angiogenic vessels. Indeed, a positive
influence on 18F-FDG uptake was suggested in studies in
which ECs were treated with angiogenic stimuli such as
vascular endothelial growth factor (2), nitric oxide (NO) (4),
and hypoxia (5).

Crucial for activation of the angiogenic process, how-
ever, are EC attachment to and interaction with the extracel-
lular matrix (ECM); the latter, in turn, transmits signal
cascades that mediate major angiogenic responses, including
EC proliferation and migration (11). Because the perfor-
mance of these functions requires increased energy expen-
diture (4,12,13) and EC energy is predominantly generated
by glycolysis (12,14), it is plausible that an interaction with
the ECM induces intracellular signals that augment glucose
use and 18F-FDG uptake.

Fibronectin (FN), a high-molecular-weight glycoprotein
abundant in the matrix, is the foremost angiogenesis-
associated ECM component promoting EC adhesion, pro-
liferation, migration, and survival (11,15–17). The attachment
of EC surface receptors to FN results in the transmission of
intracellular signals through the activation of focal adhesion
kinase (FAK), a nonreceptor tyrosine kinase that localizes to
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regions of focal adhesion (18,19). Activated FAK, in turn,
triggers several signaling pathways that regulate EC func-
tions such as cell cycle progression, spreading, and survival.
The autophosphorylation of FAK creates a binding site for
the regulatory p85 subunit of phosphatidylinositol 3-kinase
(PI3K), which can activate the catalytic p110 subunit and
the PI3K/Akt signaling cascade (20,21). This pathway is a
highly plausible candidate for mediating the enhancement
of 18F-FDG uptake in activated ECs because, although it is
a well-recognized regulator of cell growth, survival, and
angiogenesis, it also plays an important role in promoting
glucose metabolism (22–25).

Elucidation of how an interaction with FN regulates EC
glucose metabolism could provide insight into the contri-
bution of angiogenic activity to 18F-FDG uptake and how
ECs are guaranteed a sufficient supply of energy to execute
angiogenic processes. In this study, we investigated the
influence of FN on EC 18F-FDG uptake and explored the
potential roles of FAK and downstream PI3K and Akt
pathways in mediating this metabolic response.

MATERIALS AND METHODS

Cell Culture
Human umbilical vein ECs (HUVEC) were obtained from the

American Type Culture Collection and maintained in EC basal
medium (Clonetics) supplemented with epidermal growth factors,
12% fetal bovine serum, glucose at 2 g/L, and penicillin–streptomycin
at 100 U/mL. Cells were cultured in a humidified atmosphere of
5% CO2 at 37�C, the medium was changed every 3 d, and only cells
from passages 4 and 5 were used.

For FN coating, the surface of standard polystyrene-treated
culture plates (Corning Inc.) was covered with phosphate-buffered
saline (PBS, pH 7.4) containing FN (10 mg/mL; Sigma Chemical
Co.), and the plates were incubated at 37�C for 24 h. HUVEC
were used to seed FN-coated or uncoated 12-well culture plates at
105 cells per well for experiments.

Evaluation of Cell Proliferation and 18F-FDG Uptake
Cell morphology was inspected with hematoxylin–eosin stain-

ing, and cell proliferation was assessed by Bradford protein assays
and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assays.

18F-FDG uptake was measured 48 h after seeding, when cell
confluence reached 80%. The use of culture medium rather than
PBS enabled 18F-FDG uptake to be measured at 37�C, thereby
providing information more relevant to in vivo conditions than
measuring uptake at 4�C. Thus, cells were incubated with 370 kBq
(10 mCi) of 18F-FDG added to the culture medium at 37�C for 40
min in 5% CO2, rapidly washed twice with cold PBS, and lysed
in 1 mL of distilled water. Cell-associated radioactivity was
measured with a high-energy g-counter (Wallac), and protein-
corrected 18F-FDG uptake levels expressed as a percentage of the
level in control cells were calculated.

Measurements of Hexokinase Activity and NO
Concentration

Total cellular hexokinase activity was measured by the method
of Vinuela et al. as modified by Waki et al. (26). In brief, cells
were homogenized in a buffer containing 50 mM triethanolamine

and 5 mM MgCl2 (pH 7.6), and a supernatant was obtained after
centrifugation at 1,000g for 5 min at 4�C. The same type of buffer
containing 0.5 mM glucose, 5 mM adenosine triphosphate, 0.25 mM
reduced nicotinamide adenine dinucleotide phosphate, and 6 U of
glucose 6-phosphate dehydrogenase was preincubated at 20�C for
15 min. Cell lysate samples were added, and the absorbance of the
reaction mixture was measured. Hexokinase activity was deter-
mined from a standard curve, with 1 U being defined as enzyme
activity that phosphorylated 1 mmol of glucose per minute at 20�C.
Aliquots were removed to measure the protein content, and enzyme
activity was expressed as a percentage of that in control cells.

For measurement of the concentration of NO released, 100 mL
of medium was taken from culture plates 48 h after seeding. The
medium was mixed with an equal volume of Griess reagent, which
contained 1% sulfanilamide, 0.1% N-(1-naphthyl)ethylenediamine
dihydrochloride, and 2.5% phosphoric acid. After incubation for
10 min, the absorbance at 540 nm was measured with a spectro-
photometer, and the results were expressed as the NO concentra-
tion relative to that in control cells. The effect of exogenous NO
was evaluated by adding 10–100 mM of sodium nitroprusside
(SNP) (Sigma Chemical Co.) to the cell medium and incubating
the mixture in a humidified atmosphere of 5% CO2 at 37�C for
24 h.

Western Blotting of Membrane GLUT1
For the analysis of membrane GLUT1 expression, two 150-mm

plates of 80% confluent HUVEC were washed twice with PBS.
The cells were solubilized with 500 mL of a lysis buffer containing
sucrose (0.0856 g/mL), N-2-hydroxyethylpiperazine-N9-2-ethane-
sulfonic acid (HEPES) (10 mmol/mL), ethylenediaminetetraacetic
acid (EDTA) (25 mmol/mL), aprotinin (10 mg/mL), leupeptin (10
mg/mL), and phenylmethylsulfonyl fluoride (1 mM). After cen-
trifugation at 1,000g for 20 min, the supernatant was collected and
incubated with 1.5 mL of a lysis buffer containing sucrose (0.0856
g/mL), HEPES (10 mmol/mL), and MgCl2 (10 mmol/mL) at 4�C
for 1 h. The mixture was centrifuged at 45,000 rpm for 60 min,
and the pellet was dissolved in a minimum volume of PBS.
Membrane proteins were separated on a 10% polyacrylamide gel,
electroblotted to a Hybond enhanced chemiluminescence nitro-
cellulose membrane (Amersham), and reacted with a polyclonal
antibody against human GLUT1 (1:1,000 dilution; Calbiochem).
GLUT1 protein was visualized by incubation with a horseradish
peroxidase–conjugated secondary antirabbit IgG antibody (1:1,000
dilution; Caltag), 1 min of soaking in Amersham ECL Western
Blotting Detection Reagent (GE Healthcare), and detection of
signals on a high-performance chemiluminescence film. Protein
band intensities on the film were measured with a GS-800
calibrated densitometer and Quantity One software (both from
Bio-Rad Laboratories).

Western Blotting of Phosphorylated FAK (p-FAK),
Phosphorylated PI3K (p-PI3K), and Phosphorylated
Akt (p-Akt)

For the analysis of p-FAK protein, cells from 100-mm culture
plates were washed, lysed, and sonicated for 10–15 s to reduce
sample viscosity. After the lysate was heated to 95�C for 5 min
and centrifuged at 15,000g for 5 min, the proteins were separated
on a 10% polyacrylamide gel, electroblotted, and visualized as
described earlier after reaction with a polyclonal antibody against
human p-FAK (pY397; BD Biosciences) at a 1:1,000 dilution and
a horseradish peroxidase–conjugated secondary sheep antimouse
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IgG antibody (GE Healthcare) at a 1:1,000 dilution. For p-FAK
and GLUT1 immunoblots, 20-mg samples were loaded in each
lane after protein assays, and the similarity of protein loading
among lanes was confirmed by Ponceau S staining of the mem-
branes without the use of a loading control protein.

For the analysis of p-PI3K and p-Akt proteins, cells from 100-
mm culture plates (after 24 h of adhesion) were washed and
solubilized at room temperature with 1 mL of a radioimmunopre-
cipitation buffer containing Tris base (0.079 g/mL), NaCl (0.09
g/mL), NP-40 (10%; Sigma-Aldrich), EDTA (10 mmol/L),
aprotinin (10 mg/mL), leupeptin (10 mg/mL), and phenylmethyl-
sulfonyl fluoride (1 mM). After centrifugation at 14,000g for 15
min, supernatants were incubated with 100 mL of precleared
protein A–Sepharose beads (Sigma-Aldrich) at 4�C for 10 min to
reduce nonspecific binding. The beads were then removed by
centrifugation, and total cell protein was diluted to 1 mg/mL with
PBS to reduce the concentrations of detergents. The collected
protein was mixed with an antibody against p-PI3K (500:1; Santa
Cruz Biotechnology) or p-Akt (200:1; Cell Signaling Technol-
ogy), and the mixture was incubated at 4�C for 2 h on a shaker.
The immunocomplex was captured by adding 50 mL of a protein
A–Sepharose bead slurry and gently rocking the mixture on a
shaker overnight at 4�C. The immunoprecipitate was collected by
centrifugation and 2–4 washes of the pellet with 1.0 mL of the
radioimmunoprecipitation buffer. After the final wash, the pellet
was suspended in 50 mL of 2· electrophoresis sample buffer, and
the mixture was boiled for 4 min. The proteins were separated on a
10% polyacrylamide gel, electroblotted, and incubated with the
same polyclonal antibody against human p-PI3K (1:500 dilution)
or human p-Akt (1:200 dilution) as that used for immunoprecip-
itation. p-PI3K and p-Akt bands were visualized with horseradish
peroxidase–conjugated secondary antigoat and antirabbit IgG anti-
bodies (both at a 1:1,000 dilution; Santa Cruz Biotechnology),
respectively.

Silencing of FAK Signaling by Small Interfering RNA
(siRNA) Transfection

For the silencing of FAK signaling, cells were transfected with
target-specific 20- to 25-nucleotide siRNA designed to decrease
FAK gene expression in human cells (SC-29310; Santa Cruz
Biotechnology). Transfection was accomplished with a Signal-
Silence kit (Cell Signaling Technology) according to the recom-
mended protocol. In brief, 2 mL of transfection reagent was added
to 100 mL of serum-free medium in a sterile tube, and the mixture
was incubated at room temperature for 5 min. FAK-inactivating

siRNA was added to a final concentration of 100 nM, and the
mixture was incubated for another 5 min. This final mixture was
added to the culture medium of 60% confluent cells that had been
used to seed 12-well plates 24 h earlier. After vigorous agitation to
allow the even dispersion of siRNA, cells were incubated in a
humidified atmosphere of 5% CO2 at 37�C. The medium was
replaced with fresh medium 3 d later, and 18F-FDG uptake was
measured the next day.

Inhibition of Kinases and NO Synthase
Candidate signaling pathways were evaluated by adding spe-

cific kinase inhibitors to the medium 48 h before 18F-FDG uptake
experiments. PI3K was blocked by 10 mM LY294002 or 200 nM
wortmannin, and Akt was blocked by a 1 mM concentration of
a cell-permeating benzimidazole compound (Akt inhibitor IV;
molecular formula, C31H27IN4S; Calbiochem) that inhibits Akt
phosphorylation without affecting PI3K activity.

Blocking of NO release was achieved by adding NG-nitro-
L-arginine methyl ester (L-NAME; RBI) at a concentration of 0.05–
1 mM to the medium 48 h before 18F-FDG uptake measurements.

Statistical Analysis
All 18F-FDG uptake data and hexokinase assay data are the

summed results of 2 or 3 independent experiments performed in
triplicate. All values shown represent the mean 6 SD. Student’s
test was used to evaluate statistical significance between groups,
and P values of ,0.05 were considered significant.

RESULTS

FN Interaction Augments HUVEC 18F-FDG Uptake

Microscopic inspection revealed little alteration in HUVEC
morphology by FN. MTT and protein assays revealed a
proliferative effect after 3 d of FN treatment (protein con-
tents were 149.0% 6 8.1% and 249.0% 6 3.2% those in
control cells at days 3 and 5, respectively). FN significantly
enhanced 18F-FDG uptake in a manner that preceded and
surpassed its proliferative effect. Hence, even after correc-
tion for protein content, the 18F-FDG uptake in FN-treated
cells was increased to 210%, 268%, and 431% that in control
cells at 2, 3, and 5 d, respectively. On the basis of these
findings, the remaining 18F-FDG uptake experiments were
performed 48 h after seeding to exclude effects from cell
proliferation.

FIGURE 1. Effects of FN on 18F-FDG
uptake, GLUT1 expression, and hexoki-
nase activity. (A) 18F-FDG uptake in
HUVEC treated with fresh or reused
FN relative to that in nontreated control
cells. Data are mean 6 SD of 3 inde-
pendent experiments. (B) Representa-
tive Western blot of plasma membrane
GLUT1 protein in FN-treated (FN1) and
non–FN-treated (FN2) cells. (C) Total
cellular hexokinase activity relative to
that in control cells. Data are mean 6

SD of 2 independent experiments.
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The specificity of the effect of FN was evaluated by using
FN with graded degrees of degradation through repeated use.
With fresh FN, there was a significant increase in 18F-FDG
uptake, which reached 198.6% 6 7.2% that in control cells
(Fig. 1A). However, FN reused once and twice had pro-
portionally attenuated stimulatory effects on 18F-FDG up-
take—153.2% 6 6.6% and 111.7% 6 8.3% that of control
cells, respectively—indicating that the effect was specific
for intact FN protein (Fig. 1A).

FN Enhances Membrane GLUT1 Expression and
Hexokinase Activity

Western blotting of HUVEC treated with FN for 2 d
revealed an increase in the expression of membrane GLUT1
protein, the main glucose transporter in ECs, compared with
that in control cells (Fig. 1B). Furthermore, FN treatment for
2 d induced a significantly higher level of total cellular
hexokinase activity, which reached 1.6 6 0.0-fold that in
control cells (Fig. 1C).

FAK Silencing Completely Abrogates FN-Stimulated
18F-FDG Uptake

p-FAK protein band densities were significantly increased
by FN treatment, to 189.2% 6 7.2% that in control cells
(Fig. 2A). However, silencing of FAK signaling by siRNA
transfection completely blocked this effect, with p-FAK
protein being reduced to a level lower than that in control
cells (44.0% 6 2.6%) (Fig. 2A). Blocking of FAK signaling
by siRNA also completely abolished FN-stimulated 18F-
FDG uptake, from 200.7% 6 11.4% to 86.6% 6 19.4% that
in control cells (Fig. 2B).

FN-Stimulated 18F-FDG Uptake Is Mediated Through
PI3K/Akt Pathway

FN significantly increased HUVEC p-PI3K (Fig. 3A) and
p-Akt (Fig. 3B) protein levels. Furthermore, FN-stimulated
18F-FDG uptake was effectively blocked by the specific
PI3K inhibitors wortmannin and LY294002 and by Akt
inhibitor IV to 58.5% 6 12.1%, 52.0% 6 7.9%, and 53.0% 6

1.8% uninhibited levels, respectively (Figs. 4A and 4B).
These results indicated that FN-stimulated 18F-FDG uptake
occurs through the PI3K/Akt pathway.

NO Signaling Is Not Involved in FN-Stimulated
18F-FDG Uptake

The possible involvement of NO was evaluated because
it is a major downstream effector of Akt signaling and is
capable of stimulating EC 18F-FDG uptake. Exogenous
donation of NO by the addition of 10 and 100 mM SNP
indeed increased 18F-FDG uptake in non–FN-treated cells to
213.3% 6 9.0% and 238.3% 6 8.3% that in nonstimulated
control cells, respectively, and in FN-treated cells from
225.7% 6 38.0% to 230.4% 6 33.7% and 254.% 6 17.4%
that in nonstimulated control cells, respectively (Fig. 5A).
However, NO release was not increased by FN treatment,
regardless of whether or not SNP was added (Fig. 5B).
Furthermore, blocking of NO synthase with various doses of
L-NAME had no effect on FN-stimulated 18F-FDG uptake
(Fig. 5C).

DISCUSSION

ECs are the primary effector cells for new vessel forma-
tion, a process critical for tumor growth and ischemic injury

FIGURE 2. Effect of FAK silencing by
siRNA transfection on p-FAK levels (A)
and 18F-FDG uptake (B). 18F-FDG up-
take data are mean 6 SD of 2 indepen-
dent experiments.

FIGURE 3. Western blot and band
intensity of p-PI3K (A) and p-Akt (B) in
FN-treated (FN1) and non–FN-treated
(FN2) cells. Data are mean 6 SD of
band densities relative to that in control
cells in triplicate samples. *P , 0.05
compared with control cell values. yP ,

0.001 compared with control cell values.
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healing. The execution of angiogenic responses requires an
increase in energy supply, which in ECs is predominantly
met with adenosine triphosphate generated from glycolysis
(13,14). Thus, the molecular mechanisms that regulate EC
glucose metabolism are of significant interest, particularly
in relation to the influence of major angiogenic stimuli.

In the present study, we investigated the effect of an
interaction with FN, a highly specialized glycoprotein that
mediates a variety of ECM–cell interactions and that plays
a pivotal role in angiogenesis (11,15,16), on HUVEC 18F-
FDG uptake. We found that FN stimulates significant en-
hancement of 18F-FDG uptake and that this effect is mediated
by the upregulation of both the expression of membrane
GLUT1, the predominant EC glucose transporter (27), and
the activity of hexokinase, the rate-limiting enzyme in
glycolysis. Further exploration of the molecular mechanisms
revealed the involvement of FAK and downstream PI3K/Akt
signaling in the FN-induced metabolic effect.

We also found that attachment to FN led to an increase in
the number of HUVEC compared with the number of
control cells after 3 d. A similar proliferative effect of FN
on ECs was previously observed (28,29). However, our
findings demonstrated that FN-stimulated 18F-FDG uptake
clearly precedes and surpasses the increase in cell numbers,

suggesting that the metabolic effect of FN is distinct from its
proliferative effect.

To identify the signaling mechanism that mediated this
metabolic effect, we explored the involvement of FAK, a
cytoplasmic kinase that resides at focal adhesion sites and
that links ECM-derived signals to the cell interior (18,19).
Significant activation of FAK was observed in FN-treated
HUVEC, and perturbation of FAK signaling by RNA
interference completely abolished the augmentation of
cellular 18F-FDG uptake as well as FAK phosphorylation.
FAK is a well-recognized mediator of growth factor signal-
ing, cell proliferation, and migration in cancer cells (18) and
has been implicated in EC functions that promote angiogen-
esis (19). Our findings indicated that FAK is involved in
modulating EC glucose metabolism as well. A similar effect
of FAK levels in regulating glucose uptake in C2C12 skeletal
muscle cells was recently observed by Bisht et al. (30).

In the study of Bisht et al., the effect of FAK on skeletal
myocyte glucose metabolism appeared to be mediated
mainly through PI3K and protein kinase C rather than
Akt (30). In the present study, however, the FN-induced
phosphorylation of FAK in HUVEC was accompanied by the
activation of both PI3K and Akt. Furthermore, the inhibi-
tion of PI3K by wortmannin or LY294002 and the blocking

FIGURE 4. Effects of specific PI3K
inhibitors (A) and Akt inhibitor (B) on
FN-stimulated 18F-FDG uptake. Data
are mean 6 SD of 3 independent
experiments. AKT Inh, 1 mM Akt inhib-
itor IV; Ly294002, 10 mM LY294002;
WM, 200 nM wortmannin.

FIGURE 5. Role of NO in FN-stimulated 18F-FDG uptake. (A) Effect of 10 and 100 mM SNP on 18F-FDG uptake in FN-treated
(FN1) and non–FN-treated (FN2) cells. (B) Concentration of released NO in culture medium with or without addition of SNP. (C)
Effect of inhibition of NO synthase by L-NAME on 18F-FDG uptake. 18F-FDG uptake data are mean 6 SD of 2 independent
experiments. zP , 0.0001 compared with control cell values.
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of Akt activity by a specific inhibitor completely abrogated
the stimulatory effect of FN on 18F-FDG uptake. Given the
known instability of wortmannin in culture medium (31), it
is possible that the actual inhibitory effect of this agent was
even greater than that observed. In ECs, the PI3K/Akt sig-
naling axis is activated by many angiogenic growth factors
and critically regulates cell survival and angiogenesis (22–
25). The PI3K/Akt pathway is also a well-recognized reg-
ulator of cellular glucose uptake and metabolism. The serine/
threonine kinase Akt is activated in response to insulin and
growth factors in a PI3K-dependent fashion and stimulates
glucose uptake through the upregulation of glucose trans-
porters and increased hexokinase activity (25). Our results
implied a mechanism in ECs that is induced by FN-activated
FAK signaling, similar to that induced by growth factor
receptor activation in tumor cells, through which glucose
uptake is promoted via activation of the PI3K/Akt pathway.

Because neovascularization plays a key role in the ability
of malignant cells to grow and metastasize, many studies
have focused on evaluating novel agents that inhibit angi-
ogenesis as a method for controlling tumor growth. Eluci-
dating the relationship among FN, EC glucose metabolism,
and the FAK/PI3K/Akt signaling pathway may provide
valuable insights into prospective targets for angiogenesis
inhibition and mechanisms for assessing the efficacy of
new potential therapeutic agents. A difficulty in the use of
cultured EC models, however, is that the behaviors of cells
derived from different organs or species as well as of cells
originating from microvascular and large vessels can differ.
Indeed, ECs from different origins have been described to
vary with regard to glucose metabolism and transporter-
related responses (14). Therefore, the results that we
observed in the present study are limited to HUVEC.

We also evaluated whether NO signaling was involved in
the FN-induced metabolic effect because Akt is known to
stimulate NO release through NO synthase activation in
ECs (32) and we had previously found NO to be a powerful
simulator of 18F-FDG uptake in ECs (4). However, our
results showed that although NO could indeed stimulate
18F-FDG uptake, FN-stimulated 18F-FDG uptake was nei-
ther accompanied by elevated NO release nor attenuated by
the inhibition of NO synthase, indicating that the metabolic
effect of FN was independent of NO signaling.

CONCLUSION

The results of the present study demonstrated that FN
enhances EC glucose uptake through the upregulation of
membrane GLUT1 expression and hexokinase activity. Fur-
thermore, the FN-induced metabolic response is mediated by
FAK and downstream PI3K/Akt activation, indicating a role
for this pathway in modulating EC glucose metabolism.
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