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Nox-generated ROS modulate glucose uptake in a leukaemic cell line
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Abstract

The discovery of superoxide-generating enzymes homologues of phagocytic NAD(P)H oxidase, the Nox family, has led to the
concept that reactive oxygen species (ROS) are ‘intentionally’ generated with biological functions in various cell types. In this
study, by treating an acute leukaemic cell line with different antioxidants, ROS generation was shown to be crucially involved in
the modulation of glucose transport (mediated by Glutl), which is frequently up-regulated in cancer cells. Then, this study
tried to elucidate ROS source(s) and mechanisms by which ROS are involved in Glutl activity regulation. Results prove that
Nox2 and Nox4 are the candidates and that phosphorylation processes are important in the regulation of glucose uptake on
which cancer cells rely. On the whole, data suggest that both Glutl and Nox homologues may be considered new potential
targets in the treatment of leukaemia.
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Abbreviations: CAPE, caffeic acid phenethyl ester; DOG, 2-deoxy-D-glucose; DPI, diphenylene iodonium; IL-3,
nterleukin-3; IMDM, Iscove’s modified Dulbecco’s medium; NHS, normal human serum; PBS, phosphate buffered saline;
PI3-K, phosphatidylinositol 3-kinase; PMSE phenylmethylsulphonyl fluoride; ROS, reactive oxygen species; RS, reactive
species; TLCK, N-tosyl-L-lysine chloromethyl ketone; TPCK, N-tosyl-L-phenylalanine chloromethyl ketone.

Introduction The discovery of a group of ROS-generating
NAD(P)H oxidases, the Nox family, with unique
tissue localization in non-immune cells, and the
finding that the activity or level of some of these is
regulated by growth factors, cytokines and calcium
> ) : signals has reinforced the idea that ROS play
(ROS) such as O3~ and H,0; [1], which function as biologically important roles, which vary depending
second messengers involved in critical ligand- on the cell type [4]. The prototypical well-known
mediated regulation of protein kinase activation, phagocytic NAD(P)H oxidase, a superoxide-produ-
gene expression and proliferative responses [1-3]. cing enzyme complex, consists of at least six compo-
Much remains to be learned about the specific nents: gp9lphox/Nox2, p22phox, p40Ophox, p47
intracellular targets of oxidant signalling and the full phox’ p67ph0x and Rac. In recent years, a famlly of
physiological significance of the redox modifications. gp91phox/Nox2 homologues, Noxl, 2, 3, 4 and

Evidence has been accumulated that stimulation of a
variety of cell surface receptors, including those for
hematopoietic cytokines [1], insulin [2] and angioten-
sin I [3], induces generation of reactive oxygen species
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5 [5,6], and two related proteins, called Duox1 and
Duox2, having Nox-homologue regions with perox-
idase activity, have been discovered [4]. Their
expression levels are dependent on cell type and
environmental context and recent findings suggest
that different types of Nox can occur in the same
tissue [7]. On the other hand, the physiological
significance of this co-existence is as yet poorly
understood.

We previously showed that there is a relationship
between the basal level of intracellular ROS and
glucose transport activity in B1647 cells, a human
leukaemic erythro-megakaryocytic cell line not re-
quiring additional cytokines to proliferate. Compared
with MO7e cells, a growth factor-dependent human
leukaemic erythro-megakaryocytic line, B1647 cells
show a 4.8-fold greater hexose transport activity, due
to a higher Glutl content in the plasma membrane,
and an intracellular ROS level significantly higher
(1.4-fold) [8]. It has been very recently demonstrated
that some leukaemic cell lines of the erythro-mega-
karyocytic phenotype constitutively produce vascular
endothelial growth factor (VEGF) [9], a potent
inducer of angiogenesis and a stimulator of endothe-
lial cell proliferation, differentiation and survival, and
that B1647 cells self-produce VEGF and express its
tyrosine-kinase receptor, VEGFR-2 [10].

A high glucose uptake is a characteristic of cancer
cells in order to satisfy energy demand for aberrant
proliferation, indeed many cancer cells over-express
Glut isoforms and a wide expression of Glutl in
various human cancers has been reported [11].
Furthermore, the accelerated cell cycle activity ob-
served in neoplastic cells appear to be related to a
constitutively elevated intracellular ROS level [3].

We hypothesized that, in B1647 cells, the source of
ROS involved in the regulation of Glutl could be
mostly represented by one or more components of the
Nox family. In the present study, to investigate ROS
generation site we evaluated the effect of some ROS
scavengers and NAD(P)H oxidase inhibitors on Glutl
activity and ROS intracellular level, and we also
performed Western blot analysis and RT-PCR (reverse
transcriptase PCR) in order to verify the presence of
Nox family members. Then, we tried to elucidate
mechanisms by which ROS are involved in the regula-
tion of glucose uptake mediated by Glutl. Since ROS
can regulate activities of redox-sensitive enzymes,
including protein phosphatases and some kinases
[12], we evaluated the effect of tyrosine Kkinase
inhibitors on glucose uptake and ROS generation in
B1647 cells. Furthermore, we investigated whether a
family of non-receptor tyrosine kinases, Src, and
phosphatidylinositol-3-kinases (PI3-K), were involved
both in the regulation of Nox-generated ROS and
Glutl activity.

Materials and methods
Chemicals

Phloretin, 2’,7’-dichlorofluorescin-diacetate (DCFH-
DA), 2-deoxy-D-glucose (DOG), 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl  tetrazolium  bromide
(MTT), Trypan Blue, orthovanadate, phenylmethyl-
sulphonyl fluoride (PMSF), N-tosyl-L-lysine chlor-
omethyl ketone (TLCK), N-tosyl-L-phenylalanine
chloromethyl ketone (TPCK), Igepal CA-630,
agarose, Protein G, diphenylene iodonium (DPI),
apocynin and wortmannin were purchased from
Sigma-Aldrich (St. Louis, MO). STI-571 (Imatinib
mesylate, Glivec) was kindly provided by Novartis
(Basel, Switzerland). Racl inhibitor (NSC23766)
and PP2 were from Calbiochem (San Diego, CA).
2-Deoxy-D-[2,6->H]-glucose and nitrocellulose pa-
per (Hybond) were from Amersham (GE Healthcare
Europe GmbH, Milan, Italy); Iscove’s modified
Dulbecco’s medium (IMDM) was purchased from
Gibco (Milan, Italy) and normal human serum
(NHS) from Cambrex Bioscience (Verviers, Bel-
gium). LY294002 and tyrphostin A23 were from
Alexis (Lausen, Switzerland). Anti-p47phox and
anti-Racl were from Upstate (Lake Placid, NY).
Anti-Phospho-Tyrosine (P-Tyr-102) was from Cell
Signalling Technology (Beverly, MA). Anti-rabbit
and anti-goat IgG conjugated to horseradish perox-
idase, anti-Nox1, anti-Nox2, anti-Nox4, anti-Glutl
and Western Blotting LLuminol Reagent were pur-
chased from Santa Cruz Biotechnology (Santa Cruz,
CA). Bis (1-hydroxy-2,2,6,6-tetramethyl-4-piperidi-
nyl)decandioate, a radical probe, was kindly provided
by Professor G. F. Pedulli. TRIzol Reagent was from
Invitrogen (Paisley, Scotland, UK). Access RT-PCR
System and 100pb DNA Ladder were purchased
from Promega (Madison, WI, USA) and GelRed™
from Biotium (Rome, Italy).

Cells and cell cultures

B1647 erythro-megakaryocytic cell line, established
from bone marrow cells of a patient with acute
myelogenous leukemia, is maintained in IMDM
supplemented with 5% NHS. These cells do not
require growth factor addition for their proliferation
[10].

Cell viabiliry assay

Cell viability was assayed by Trypan Blue exclusion
test and MTT assay. For Trypan Blue staining, B1647
cells were incubated with 0.2% Trypan Blue for 5 min
at room temperature and counted with a hemocyt-
ometer. For the MTT assay, cells were incubated with
0.5 mg/mL MTT for 4 h at 37°C. The formed
formazan salt crystals were dissolved with the solubi-
lization solution (10% SDS, 0.01 m HCI). The plates
were incubated overnight (37°C, 5% CO,). The
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absorption was measured on a multiwell plate reader
(Wallac Victor?, Perkin Elmer) at a wavelength of 570
nm.

Measurement of intracellular ROS

Cells (1.0 x 10%/mL) were treated with antioxidants
and inhibitors for 30 min, washed twice in PBS, pH
7.2, and incubated with 5 pm DCFH-DA for 20 min.
DCF fluorescence was measured with a multiwell
plate reader (Wallac Victor?, Perkin Elmer), at
excitation and emission wavelengths of 485 nm and
535 nm, respectively.

Glucose transport assay

Cells (4.0 x 106/mL) in PBS, pH 7.2, were treated
with a mixture of 2-deoxy-D-[2,6-°H]glucose
(15 kBg/assay) and 1.0 mm unlabeled glucose analo-
gue for 1 min at 37°C ensuring that experiments were
run under zero-trans conditions [13]. The uptake was
stopped with phloretin (final concentration 0.3 mMm), a
potent glucose transport inhibitor. Cells were pelleted
at 4000 g for 1 min and washed with PBS. Sample
radioactivity was measured by liquid scintillation
counting.

Immunoprecipitation

B1647 cells (15 x 10° per experimental condition)
were washed in PBS and pelleted. Cells were lysed
with a lysis buffer (1% Igepal, 150 mm NaCl, 50 mm
Tris-Cl, 5 mm EDTA, 0.1 mm PMSF, 0.1 mm
TLCK, 0.1 mm TPCK, 1 mm orthovanadate and
protease inhibitor cocktail, pH 8.0) in ice for 15 min.
Lysates containing equal amounts of protein (1 mg)
were incubated overnight with 2 pg affinity-purified
monoclonal anti-phosphotyrosine. Then, samples
were incubated with protein G-Agarose for 1 h at
4°C and then pelleted. Pellets were washed five times
with lysis buffer, treated with sample reducing buffer

containing 4% f-mercaptoethanol (final concentra-
tion) and then boiled for 3 min.

SDS-PAGE and Western blot analysis

Cells lysates were obtained from 15 x 10° cells in ice-
cold lysis buffer (150 mm NaCl, 1% Igepal, 50 mm
Tris, 5 mm EDTA, pH 8.0) in the presence of
proteases inhibitors (100 um each TPCK, PMSEF,
TLCK and Proteases inhibitor cocktail, Sigma) [13]
and protein concentrations of the supernatants were
determined by using the Bradford method [14].
Immunocomplexes and cell lysates proteins were
separated on 10% SDS-polyacrylamide gel using a
Mini-Protean II apparatus (Bio-Rad Laboratories)
and transferred electrophoretically to nitrocellulose
membranes at 100 V for 60 min. Proteins were
detected by wusing primary antibodies against
p47phox, Racl, Nox4, Nox2, Glutl and Phospho-
Tyrosine at 1:1000 dilution according to standard
Western blotting procedure and membranes were
developed using Western Blotting LLuminol Reagent.

Reverse transcription-polymerase chain reaction

One microgram of total cellular RNA isolated by
TRIzol reagent was reverse transcripted to cDNA
and PCR-amplified in a total volume of 50 puL. with
50 pmoles each of forward and reverse primers. The
primer sequences used are detailed in Table I.
Positive control primers were designed to the house-
keeping gene human f-actin (sense 5-CCA ACC
GCG AGA AGA TGA-3" and antisense 5-CCA
GAG GCG TAC AGG GAT AG-3"). The conditions
were 35 cycles of denaturation at 94°C (30 s),
annealing at the temperatures listed in Table I
(1 min) and extension at 68°C (2 min), followed by
a further 7 min extension. PCR products were
electrophorased on 2% agarose gel precasted with
GelRed 1 x TBE (Tris-Borate-EDTA buffer). Gel
was imaged using 300 nm transillumination and

Table I. Features of the primers used for reverse transcriptase PCR.

Primers (5" —3) Tonn CC) PCR product length (bp)
Nox1

sense 5'-CCCCTTTGCTTCTATCTTGA-3’ 49°C 168

antisense 5'-TTGCCTAATTCCTCCATCTC-3’
Nox2

sense 5'-CTCACCCTTTCAAAACCATC-3’ 58°C 169

antisense 5- ACGATGCGGATATGGATACT-3’
Nox4

sense 5'-CTCAGCGAATCAATCAGCTGTG-3’ 58°C 285

antisense 5’ AGAGGAACACGACAATCAGCCTTAG-3’
Nox5

sense 5'-CCTTCTAGTTGCGCTTTTGC-3’ 60°C 232

antisense 5'-CCATCTTCTCCTGCAATGGT-3’
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photographed with a Polaroid 667 on black-and-
white print films.

Statistical analysis

Data sets were performed with the unpaired Student
t-test comparing treated samples vs controls. Data are
expressed as means+ SD. Differences were consid-
ered significant for p < 0.05.

Results

For experiments in which B1647 cells were incubated
with inhibitors or antioxidants, alone or in combina-
tion, Trypan Blue exclusion test and MTT assay were
performed in order to control that the effect of
different compound additions was due to a direct
action on specific targets and not to changes in
viability and proliferation (not shown) [15].

Effect of ROS scavengers and Nox inhibitors on Glucose
transport

To confirm the previously observed inhibitory effect
on glucose uptake of EUK-134 [8], a SOD and
catalase-mimetic able to penetrate inside the cells,
and to obtain more information about reactive species
(RS) involved in glucose uptake modulation, we
tested the effect of several RS scavengers on this
function. In particular, we used ebselen, a glutathione
peroxidase mimetic and a lipoxygenase inhibitor [16],
caffeic acid phenethyl ester (CAPE), which has been
demonstrated to have antioxidant and anti-inflam-
matory effects and to be a H,O, scavenger and an
inhibitor of nitric oxide synthase [17], and a radical
probe (bisl-hydroxy-2,2,6,6-tetramethyl-4-piperidi-
nyl)decandioate), which quantitatively and instanta-
neously reacts with oxygen-centred radicals (inclu-
ding superoxide) to yield the parent nitroxide [18].
B1647 cells were treated with 20 um ebselen, 25 pum
CAPE or 20 um radical probe for 20 min before
measuring Glutl activity. Pre-treatments caused a
glucose uptake inhibition by 20%, 40% and 25%,
respectively; moreover, the simultaneous incubation
of this cell line with the three RS scavengers caused a
cumulative effect on DOG uptake, decreasing the
transport activity by ~75% (Figure 1A). The same
pre-treatments induced also a decrease in DCF
fluorescence, pointing out the scavenging of reactive
species by the added compounds, the effectiveness of
CAPE and the cumulative antioxidant effect obtained
with the simultaneous incubation with the three RS
scavengers (Figure 1B). These data undoubtedly
prove that a correlation does exist between RS level
and Glutl activity.

In order to evaluate whether one or more members
of the Nox family could be the ROS generation site
involved in maintaining the high glucose uptake in

B1647 cells, we used 10 um DPI, an inhibitor of
flavoprotein centres demonstrated to be a potent Nox
inhibitor at this concentration [19], 1 mM apocynin,
an inhibitor of the complex, preventing the assembly
of the NAD(P)H oxidase cytosolic subunit p47phox
to the membrane subunits [20], and 200 um Racl
inhibitor (NSC23766), a cell-permeable pyrimidine
compound that specifically and reversibly inhibits
Racl GDP/GTP exchange activity [21]. A 30 min
pre-incubation of B1647 cells with each of these
compounds caused a decrease in glucose uptake by
~30-40% (Figure 1C). DPI and Racl inhibitor
decreased also the intracellular ROS/RNS level by
~40% (Figure 1D). Fluorescence measurements
could not be performed in the presence of apocynin
due to its interference with DCF [22]. These data
confirm Racl importance for the activation of
NAD(P)H oxidase [4,12], which, in turn, is involved
in Glutl activity modulation in the leukaemia cell line
under study. Moreover, when cells were simulta-
neously incubated with apocynin and antioxidants,
i.e. by both blocking the potential RS source and
directly scavenging RS, an additive inhibitory effect
on glucose uptake occurred (Figure 1C): this is in
agreement with the suggested role of Nox-generated
RS in maintaining high Glutl activity in B1647 cell
line.

Presence of Nox isoforms

To further substantiate these results, we searched for
p47phox subunit and Racl. Western immunoblotting
analysis of cell lysates demonstrated that B1647 cell
line effectively expresses p47phox subunit and the
small GTPase-protein Racl (Figure 2A). Since the
presence of p47phox and Racl is not sufficient to
implicate NAD(P)H oxidase, we performed RT-PCR
in order to test the expression of Noxl, Nox2
(gp91phox), Nox4 and Nox5, the isoforms that could
be present in hematopoietic cell lines as reported in
the literature [7]. B1647 cells were found to express
Nox2 and Nox4 isoforms (Figure 2B), but not Nox1
or Nox5 mRNA; these data were also confirmed by
Western blot analysis (Figure 2C).

Modulation of tyrosine phosphorylation levels by Nox
inhibitors and effect of tyrosine kinase inhibitors on Glutl
activiry

Recent experimental evidence shows that ROS can
regulate activities of redox-sensitive enzymes. Among
intracellular ROS targets are protein tyrosine phos-
phatases (PTPs), which are inactivated through the
reversible oxidation of their catalytic cysteine(s),
hence allowing a sustained phosphorylation level
[12]. Western blot analysis of B1647 cell lysates
revealed with antiphosphotyrosine antibody showed
that, after incubation with the antioxidant EUK-134,
a decrease in tyrosine phosphorylation occurred (not
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Figure 1. Effect of antioxidants and NAD(P)H inhibitors on glucose transport and intracellular ROS level in B1647 cell line. (A) Cells
(4 x 10%/mL) were incubated in PBS at 37°C in the absence or presence of 20 um Ebselen; 25 pm CAPE or 20 pum radical probe, for 30 min.
DOG uptake was measured as described in the Materials and methods section. Results are expressed as means +SD of three independent
experiments, each performed in duplicate. ***p <0.0001 significantly different from control. $p <0.0001 significantly different from cells
treated with only one antioxidant. (B) Cells (1 x 10°/mL) pre-incubated or not with 20 pm Ebselen; 25 pm CAPE and/or 20 pM radical
probe for 30 min as described in the Materials and methods section were washed in PBS, labelled with 5 pm DCFH-DA for 20 min and
analysed by means of a multiwell plate reader, at ., 485 nm and A., 535 nMm. Values are the means +SD of four independent experiments.
**xp <0.0001, **p <0.01, *p <0.05 significantly different from control. $p <0.0001 significantly different from control and cells treated
with only one antioxidant. (C) Cells (4 x 10%/mL) in PBS in the presence or absence of inhibitors (10 pm DPI, 1 mMm apocynin, 200 pm
Racl inhibitor) were pre-incubated for 20 min at 37°C. Other cells (striped bars) were simultaneously pre-incubated with 1 mm apocynin
and antioxidants (25 um CAPE, 20 pum ebselen or 20 pum radical probe). DOG uptake was measured as described in the Materials and
methods section. Results are expressed as means +SD of three independent experiments, each performed in triplicate. ***p <0.0001, **p <
0.01, *p <0.05 significantly different from control. % <0.0001 significantly different from cells treated with apocynin. (D) Cells pre-treated
or not with 10 pm DPI or 200 pm Racl inhibitor for 20 min in PBS were labelled with 5 um DCFH-DA for 20 min. Values are the means +
SD of four independent experiments. ***p <0.0001, **p <0.01 significantly different from control.

shown), indicating that intracellular ROS are in-
volved in this process by means of protein kinase
activation and/or, more likely, inhibition of protein
tyrosine phosphatases. Consequently, since EUK-
134 also decreased Glutl activity, as previously
shown [8], we suggest that ROS are involved in
phosphorylation processes, which maintain the high
activity of glucose transport in B1647 cells. Similar
results regarding both tyrosine phosphorylation (not
shown) and Glutl activity (Figure 1A) were also
obtained with the antioxidant ebselen, confirming the
above reported suggestion. Moreover, a significant
decrease in tyrosine phosphorylation level occurred

when cells were preincubated with NAD (P)H oxidase
inhibitors (DPI, apocynin and Racl inhibitor), as
reported in Figure 3A. In order to underline the
important role played by tyrosine phosphorylation in
Glutl activity modulation, we evaluated the effect of
two different tyrosine kinase activity inhibitors on
glucose transport. In particular, we used 10 pm
tyrphostin A23, a broad spectrum protein tyrosine
kinase inhibitor, and 10 pm Imatinib, an anti-cancer
drug designed to block specific constitutively acti-
vated tyrosine kinases. Indeed, Imatinib is a specific
inhibitor of the Bcr-Abl protein tyrosine kinase that
competes with ATP for its specific binding site in the
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Figure 2. Racl, p47phox subunit and Nox expression in B1647
cell line. (A) Representative immunoblots showing p47phox and
Racl expression in B1647 cells. HL60 cell line was taken as a
p47phox-positive control. Corresponding bands migrating at
~47 kDa and 21 kDa, respectively, are shown. (B) Expression of
Nox1, Nox2, Nox4 and Nox5 catalitic subunit of the Nox family
obtained by RT-PCR: total RNA was isolated, reverse transcribed
and amplified by PCR. All the amplicons were visualized on a
GelRed™ 2% agarose gel. Further experimental details are
reported in the Materials and methods section. (C) Cell lysates
were electrophorased, transferred and immunoblotted with Anti-
Nox2 or Anti-Nox 4 antibodies, as described in the Materials and
methods section.

kinase domain [23]. Results in Figure 3B show that
after a 20 min pre-incubation both inhibitors sig-
nificantly decreased DOG uptake in B1647 cells.
Interestingly, the same cell pre-treatments caused
also a decrease in intracellular ROS level (Figure 3C).

Effect of PI3-K and Src inhibitors on wntracellular ROS
level and on Glutl activity and modulation of Glutl
phosphorylation level by PP2, apocynin and CAPE

To investigate the complex and still unclear signal
transduction pathways linking ROS generation to
Glutl activity modulation in B1647 cells, we inves-
tigated whether phosphatidylinositol-3-kinase (PI3-
K) and Src kinases, involved in the signalling cascade
in many cell lines [24], were connected with ROS

intracellular level and glucose transport in these cells.
DCF fluorescence was blunted and a significant
decrease of glucose uptake occurred when cells were
pre-incubated for 20 min with PI3-K inhibitors, such
as 100 nMm wortmannin or 1 pm 1.Y294002 (Figure
4A and B). To determine whether Src take part in
ROS generation probably due to NAD(P)H oxidase
activity and are involved in maintaining the high rate
of glucose uptake in this cell line, we used PP2, a Src
inhibitor. As shown in Figure 4A and B, the pre-
incubation of the cells with 20 um PP2 inhibited
DOG uptake, but it did not reduce intracellular ROS
level. Moreover, we verified that Glutl phosphoryla-
tion decreased after 20 min-preincubation of the cells
with 20 pm PP2, 1 mm apocynin or 25 um CAPE, as
shown in Figure 4C.

These data implicate a multi-step pathway result-
ing in maintaining the high Glutl activity in B1647
cell line.

Discussion

A number of sources have been proposed for the
origin of RS generation in tumour cells, but attention
has recently turned to a family of membrane-localized
NADP)H oxidases, homologous to the gp9lphox
component of the phagocytic enzymatic complex
[4,6].

Relevant findings reported in this study are that
Nox2 and Nox4 are co-expressed in the acute
leukaemic B1647 cells and that ROS produced by
NAD(P)H oxidase are directly involved in maintain-
ing the high glucose uptake rate, essential for tumour
cells in order to proliferate. High levels of Glutl
expression in tumours have been associated with poor
survival [11], thus investigation on glucose transport
regulation in an acute leukaemia is an important
issue.

To achieve this aim, at first, we demonstrated the
involvement of different reactive species in Glutl
activity modulation by using different antioxidants
(see Figure 1). In order to throw a glance at RS
involved in this process, we chose scavengers of
different reactive species, not only directed against
0'27 and H202.

Then, we identified NAD(P)H oxidase as a major
source of ROS involved in this process by using Nox
inhibitors and identifying Nox isoforms and subunits
by RT-PCR and Western blotting techniques (Figure
2). These results are strengthened by data showing
that the simultaneous pre-treatment of the cells with
antioxidants and apocynin caused an additive effect on
decreasing glucose uptake, due to both an inhibition of
the ROS source and a direct ROS scavenging. Previous
studies demonstrated that inappropriate activation or
expression of Nox enzymes has been associated with
neoplastic growth [25-28]; moreover, a plethora of
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cells, it has been shown that PI3-K is required for
oxidase activation by platelet-derived growth factor
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line.

The whole of the data here reported suggests that
the relationship between ROS generation and glucose
uptake mediated by Glutl could be explained ac-

& © cording to a model (see Figure 5) creating a loop,
& \\@‘ ‘b’Q where PI3-K produces PIP;, which in turn activates
C @&Q & Rac. GTP-bound Rac most likely binds to the

NAD(P)H oxidase complex (presumably binding to
Figure 3 (Continued) p47phox and causing its phosphorylation) leading to

50
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Figure 3. Effect of Nox inhibitors on protein phosphotyrosine level and effect of tyrosine kinase inhibitors on glucose transport and
intracellular ROS level in B1647 cell line. (A) Cells, pre-treated with 10 um DPI, 1 mm apocynin, 200 uMm Racl inhibitor for 20 min, were
lysated, electrophorased, transferred and immunoblotted with Anti-phosphotyrosine and Anti-tubulin antibody, as described in the
Materials and methods section. (B) Cells (4 x 10%/mL) were incubated in PBS at 37°C in the absence or presence of 10 um Tyrfostin A23
and 10 um Imatinib for 20 min. DOG uptake was measured as described in the Materials and methods section. Results are expressed as
means +SD of three independent experiments, each performed in triplicate. **p <0.01, *p <0.05 significantly different from control. (C)
Cells (1 x 10°/mL) pre-incubated or not with 10 pm Tyrfostin A23 or 10 uM Imatinib for 20 min as described in the Materials and methods
section were washed in PBS and labelled with 5 pmt DCFH-DA for 20 min. Values are the means +SD of four independent experiments,
each performed in triplicate. **p <0.01, *p <0.05 significantly different from control.
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ROS generation. Src appears to be downstream
oxidase activation (see Figure 4A and B) and
responsible for the phosphorylation of both Glutl
and growth factor receptor [3], even if the mechanism
is not completely clear at this time. The growth factor
receptor involved in signal cascade activation can be
the tyrosine-kinase receptor VEGFR-2 stimulated by
the autocrine production of VEGF, characteristic of
B1647 cells [10]. To this regard, it has been very
recently shown that VEGF stimulates ROS produc-
tion wia activation of gp9lphox (Nox2)-based
NADPH oxidase and that ROS are involved in
VEGFR2-mediated signalling linked to endothelial
cell migration and proliferation [33]. This analogy is
not surprising as vascular and haematopoietic cells
originate from a common precursor, the hemangio-
blast, during embryogenesis [34]. Moreover, Nox2, a
critical component of endothelial NAD(P)H oxidase,
and Nox4, most abundantly expressed in endothelial
cell, where it is involved in basal- and Ang II-induced
superoxide production [33], are also expressed in the
acute leukaemic B1647 cell line.

A better understanding of the responsiveness of
Nox homologues expression to VEGF in leukaemic
cells is clearly required, nevertheless we suggest an
integrated signalling mechanism whereby the auto-
crine VEGF production could lead to the activation
of PI3-K and then of NAD(P)H oxidase (Nox2 and/
or Nox4) and, in turn, to ROS generation. Data here
presented demonstrate that Nox-derived ROS are
involved in sustaining the high glucose uptake via a
direct action on phosphorylation processes, which are
also connected to Glutl vesicle translocation from
intracellular pool to the plasma membrane, as we
previously showed [8]. Actually, phosphorylation
events have been recently shown to modulate Glutl
activity in other cell types [35,36].

These results underline the cross-talk between the
phosphorylation—dephosphorylation and redox reg-
ulation, two systems of cellular process modulation
[37].

In conclusion, the strict dependence of the acute
leukaemic B1647 cell proliferation on glucose uptake
maintained by Nox-generated ROS suggests that both
Glutl and Nox homologues can be new targets for
novel therapeutic strategies to be used to improve the

Figure 4. Effect of PI3-K and Src inhibitors on intracellular ROS level and on Glutl activity and effect of PP2, apocynin and CAPE on
Glutl phosphorylation level in B1647 cell line. (A) Cells (1 x 10%mL) pre-incubated or not with PI3-K inhibitors (100 nm Wortmannin or
1 um LY294002) or Src inhibitor (20 pm PP2) for 20 min as described in the Materials and methods section were washed in PBS and
labelled with 5 um DCFH-DA for 20 min. Values are the means +SD of four independent experiments, each performed in triplicate. **p <
0.01 significantly different from control. (B) Cells (4 x 10%mL) were incubated in PBS at 37°C in the absence or presence of 100 nm
wortmannin or 1 pm L'Y294002 or 20 um PP2 for 20 min. DOG uptake was measured as described in the Materials and methods section.
Results are expressed as means +SD of three independent experiments, each performed in triplicate. **p <0.01, *p <0.05 significantly
different from control. (C) Cells were incubated in PBS at 37°C in the absence or presence of 20 um PP2, 1 mm apocynin (Apo) or 25 um
CAPE for 20 min. Anti-phosphotyrosine immunoprecipitates from cell lysates were electroforased, transferred and immunoblotted with
anti-Glutl, as described in the Materials and methods section. **p <0.001, significantly different from control.
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Figure 5. A model of relationship between Nox-derived ROS and Glutl activity modulation. Phosphorylated VEGFR-2 activates PI3-K
that, in turn, activates NADP)H oxidase. Generated ROS maintain high glucose uptake by both Src activation and Glutl vesicles

translocation.

cancer treatment. Indeed, a combination therapy
including chemotherapeutic agents and kinase inhibi-
tors, such as Imatinib, has already been tested [38,39].
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