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Abstract: The phagocyte NADPH oxidase (NOX2) is known to be expressed in Epstein-Barr virus (EBV)-transformed
human B lymphocytes. Phosphorylation of the NOX2 cytosolic subunit p47phox is required for phorbol myristate ace-
tate (PMA)-induced NOX2 activation in EBV-transformed B lymphocytes, however the role of this process in receptor-
mediated NOX2 activation is not known. Here, we used pansorbin which acts by cross linking cell surface IgG and
transfected cells with mutated p47phox to address if the phosphorylation of this subunit is required for receptor-
mediated NOX2 activation. We show that pansorbin induced NOX2 activation in a time and concentration-dependent
manner, albeit at levels only of 20% of those induced by PMA. GF109203X, a PKC selective inhibitor, inhibited pan-
sorbin as well as PMA-induced NOX2 activation. Using specific anti-phospho serine antibodies we showed that pan-
sorbin induced p47phox phosphorylation on Ser304, 315, 320, 328, and 345 and kinetics of these phosphorylations
preceed NOX2 activation. To determine whether the phosphorylation of p47phox is required for pansorbin-induced
NOX2 activation, we transfected EBV-transformed lymphocytes deficent in p47phox with a plasmid expressing wild
type p47phox or p47phox with all the phosphorylated serines mutated to alanines, p47phoxS(303-379)A. Results
show that pansorbin-induced NOX2 activation was greatly decreased in lymphocytes expressing the mutant as com-
pared to the wild-type p47phox. These results show that pansorbin induced p47phox phosphorylation on multiple
sites in EBV-transformed B lymphocytes and this process is required for pansorbin-induced NADPH oxidase activation
in these cells.
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Introduction

The phagocyte NADPH oxidase (NOX2) which
produces reactive oxygen species (ROS) is a key
enzyme for microbicidal and inflammatory ac-
tivities of neutrophils, monocytes and macro-
phages [1-3]. The NADPH oxidase consists of a
membrane bound flavocytochrome b558
(composed of p22phox and gp91phox/NOX2)
and four cytosolic subunits, p47phox, p67phox,
p40phox, and Racl or 2 [4-6]. Activation of the
NADPH oxidase is initiated by two simultaneous
mechanisms: the phosphorylation of p47phox
on multiple sites and the activation of the small

GTPase Rac1/2 followed by the migration of all
the cytosolic components to the membrane
where they associate with the membrane bound
components to assemble the catalytically active
oxidase [4-6]. The role of the p47phox phos-
phorylation sites in NOX2 activation was mainly
studied in cells stimulated by the pharmacologj-
cal PKC activator PMA [7-12]. Little information
is available on the phosphorylation involved in
receptor-mediated NOX2 activation.

NOX2 is also expressed in other cells such as
Epstein-Barr virus (EBV)-transformed human B
lymphocytes [13-15], but at lower levels than



p47phox phosphorylation in pansorbin-stimulated B cells

those found in neutrophils [16, 17]. Phagocytes
and EBV-transformed B lymphocytes from
chronic granulomatous disease (CGD) patients
are unable to produce superoxide in response
to agents that induce NOX2 activation in normal
cells [18, 19]. EBV-transformed B lymphocytes
are better suited than primary phagocytes or
myeloid cell lines for transfecting NOX2 compo-
nents. EBV-transformed B lymphocytes from
CGD patients have been used to reconstitute
NOX2 and to study the role of p47phox phos-
phorylation and p67phox protein domains in
NOX2 assembly and activation [20-22]. How-
ever in most studies, NOX2 was activated by
pharmacological PKC activators such as PMA
[12, 20]. The role of p47phox has yet to be ex-
plored in physiological conditions using receptor
-mediated activation of NOX2. EBV-transformed
B lymphocytes which express immunoglobulin
(Ig) at their cell surface [13, 23] represent a
valuable model for such studies. Indeed, cross-
linking of 1gG by anti-IgG antibodies or by pro-
tein A-bearing inactivated S. aureus (pansorbin)
resulted in ROS production [13, 23]. In this
study, we investigated the phosphorylation of
p47phox and its role in pansorbin-induced
NADPH oxidase/NOX2 activation in EBV-
transformed B lymphocytes.

Materials and methods
Reagents

Pansorbin was from Calbiochem-Millipore
(Molsheim, France). Luminol, protein kinase
inhibitors, protease and phosphatase inhibitors,
endotoxin-free buffers and salt solutions were
from Sigma Chemical Co (Saint Louis, MO, USA).
SDS-PAGE (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis) and West-
ern blotting reagents were purchased from Bio-
Rad (Richmond, CA, USA). The rabbit polyclonal
antibodies against phospho-sites p47phox and
p47phox have been described elsewhere [24,
25].

EBV-transformed B lymphocytes preparation

EBV-transformed B lymphocytes were prepared
as described [18, 26]. Briefly, peripheral blood
from healthy donors or p47phox deficient CGD
patient, was fractionated by Ficoll centrifuga-
tion. Mononuclear cells were cultured in
RPMI1640 medium supplemented with 10%
heat-inactivated fetal bovine serum, 100 U/ml
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penicillin and 100 ug/ml streptomycin in the
presence of supernatants from B95-8, an EBV
producing cell line. Three to five weeks later
EBV-transformed B lymphocytes started to pro-
liferate. P47phox deficient EBV-transformed B
lymphocytes were transfected with a plasmid
expressing wild type p47phox or a plasmid ex-
pressing p47phox mutated on phosphorylated
serines S(303-379)A as previously described
[11, 12].

ROS production assay

ROS production was measured by the luminol
and horse radish peroxidase (HRP)-enhanced
chemiluminescence method. 2 x 106 EBV-
transformed B lymphocytes were resuspended
in 500 pL of HBSS containing 10 yM luminol
and 10 U HRP, preheated at 37°C in the ther-
mostated chamber of the luminometer
(Biolumat LB937; Berthold) for 10 min, then
stimulated by different concentrations of pan-
sorbin (0.25-4 mg/ml) or PMA (10-400 ng/ml)
and chemiluminescence was recorded for 30
min [12].

Western blotting analysis

EBV-transformed B lymphocytes were resus-
pended in HBSS (4 x 108/ml), preheated and
then treated with pansorbin (2 mg/ml) or PMA
(200 ng/ml) for the indicated times at 37°C
with mild shaking. The reaction was stopped by
adding 5 x concentrated modified Laemmli
sample buffer [27] containing 5 mmol/L
NaszV0s, 2.5 mmol/L p-NPP, 10 mmol/L NaF, 5
mmol/L EDTA, 5 mmol/L EGTA, 20 ug/L leu-
peptin, 20 ug/L pepstatin and 20 ug/L
aprotinin. Samples were then incubated for 2
min in boiling water (100°C) and stored at -80°
C until use. Cell lysates were sonicated and sub-
jected to 10% SDS-PAGE (eq. of 1 x 106 cells/
well), using standard techniques [27]. The sepa-
rated proteins were transferred to nitrocellulose
[28], which was blocked with 5% milk in Tris-
buffered saline containing Tween 20 (TBS-T) for
1 hour. After blocking, the membranes were
probed with the anti-phospho-Ser304-p47phox
(1:2000), anti-phospho-Ser315-p47phox
(1:2000), anti-phospho-Ser320-p47phox
(1:2000), anti-phospho-Ser328-p47phox
(1:2000), anti-phospho-Ser345-p47phox
(1:10,000) and anti-p47phox (1:5000) antibod-
ies. After 1 h, membranes incubation with HRP-
labeled goat anti-rabbit antibody (1:5000). The
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Figure 1. Pansorbin and PMA
induce ROS production by
human EBV-transformed B
lymphocytes. EBV-transformed
B lymphocytes (2 x 106cells)
were incubated in 0.5 mil
Hanks buffer containing 10
UM luminol and 10 U HRPO at
37°C for 10 min. Pansorbin
(at 0.25, 0.5, 1, 2 or 4 mg/ml)
(A) or PMA ( at 10, 50, 100,
200 or 400 ng/ml) (B) were
added and luminol- and HRPO
amplified chemiluminescence
was measured. Data are rep-
resentative of 3 experiments.
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protein bands were revealed by using enhanced
chemiluminescence (Santa Cruz, CA, USA).

Statistical analysis

All results are expressed as means + standard
error of the mean (SEM). Significant differences
(p < 0.05) were identified with Student’s t tests.

Results

Comparison of pansorbin- and PMA-induced
ROS production by human EBV-transformed B
lymphocytes

To compare the effect of pansorbin and PMA on
EBV-transformed B lymphocytes ROS produc-
tion, cells were incubated with different concen-
trations of these agonists and ROS production
was measured by luminol- and HRP-amplified
chemiluminescence. Results show that pan-
sorbin (0.25-4 mg/ml) induced a clear increase
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of ROS production by EBV-transformed B lym-
phocytes (Figure 1A). The effect was concentra-
tion dependent and the maximal response
(peak = 1.3 x 108 cpm) was obtained at 2 mg/
ml. A lag time was present before pansorbin
response and it was inversely proportionnal to
pansorbin concentration. The PMA stimulatory
effect was also concentration dependent with a
maximal response (peak= 8 x 106 cpm) ob-
tained at 400 ng/ml (Figure 1B). After a lag time
of 2 min, the PMA induced a progressive rise of
ROS production reaching a plateau which is
proportional to PMA concentration. These re-
sults show that pansorbin induces NADPH oxi-
dase activation to a lesser extent than PMA.

The PKC inhibitor, GF109203X inhibited pan-
sorbin-induced ROS production by human EBV-
transformed B lymphocytes

Activation of NADPH oxidase by PMA is known to
involve PKC-mediated protein phosphorylations
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Figure 2. Effect of protein kinase inhibitors on Pan-
sorbin-induced ROS production by EBV-transformed
lymphocytes; B. Cells (4 x 10%cells/ml) were incu-
bated for 20 min without or with Wortmannin (100
nM) or GF109203X (5 puM) then treated with pan-
sorbin (2 mg/ml) and luminol-amplified chemilumi-
nescence was measured. Results represent means +
SEM (n=3,*p<0.05 **p<0.01).

and it is accompanied by the phosphorylation of
the regulatory subunit p47phox [6]. Thus, we
examined whether pansorbin-induced ROS pro-
duction in EBV-tranformed B lymphocytes in-
volves PKC. Cells were treated by GF109203X,
a PKC inhibitor and ROS production was meas-
ured as described above. Results show that
GF109203X at a concentration known to inhibit
PKC, inhibited pansorbin-induced ROS produc-
tion by EBV-transformed B lymphocytes (Figure
2). As expected GF109203X inhibited PMA-
induced ROS production (data not shown). Wort-
mannin, a PI3Kinase inhibitor inhibited pan-
sorbin response to a lesser extent than
GF109203X (Figure 2).

Pansorbin induces the phosphorylation of
p47phox

Activation of NADPH oxidase in neutrophils and
EBV-transformed B lymphocytes by PMA is ac-
companied by the phosphorylation of the regula-
tory subunit, p47phox, on serines 303-379 of
the C-terminal region [6]. Thus, we examined
whether pansorbin-induced ROS production was
associated with p47phox phosphorylation using
specific anti-phosphoSer antibodies developed
in our laboratory [24, 25]. Interestingly, Western
blotting analysis indicated that pansorbin at 2
mg/ml induced a transient phosphorylation of
p47phox on serines, Ser304, Ser315, Ser320,
Ser328, and Ser345 (Figure 3A). It is notewor-
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Figure 3. Pansorbin and PMA induce p47phox phos-
phorylation in EBV-transformed lymphocytes B. Cells
(15 x 108) were incubated with pansorbin (2 mg/ml)
(A) or PMA (200 ng/ml) (B) for different time periods
and reaction was stopped by denaturation. Homoge-
nates were subjected to SDS-PAGE and Western-
blotting using different anti-phospho-p47phox anti-
bodies: anti- phospho-Ser304, phospho-Ser315,
phospho-Ser320, phospho-Ser328, phospho-Ser-
345 antibodies and anti-p47phox antibody. Data are
representative of 3 experiments.

Antibod

thy that pansorbin-induced p47phox phosphory-
lation preceeds ROS production. PMA induced
the phosphorylation of p47phox on these sites
(Figure 3B). After a lag time of 2 min, the PMA-
effect was time-dependent reaching a plateau
parallel to ROS production. These results sug-
gest that pansorbin induces p47phox phos-
phorylation while being less effective than PMA.

Phosphorylation of p47phox is required to Pan-
sorbin-induced NOX2 activation in B lympho-
cytes

To ascertain whether the phosphorylation of
p47phox is necessary for pansorbin-induced
activation of NOX2, we used B lymphocytes from
p47phox deficient CGD patient. The cells were
transfected with a plasmid which encodes a
p47phox mutant in which all the phosphorylated
serines Ser(303-379) have been mutated to
alanines Ser(303-379)A. Results show that
transfection of p47phox-deficient B lymphocytes
with a plasmid expressing wild type p47phox
and stimulation with pansorbin or PMA resulted
in NOX2 activation and ROS production (Figure

Am J Blood Res 2012;2(3):187-193
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Figure 4. ROS production in EBV-transformed B lym-
phocytes expressing wild-type (Wt) and Ser(303-379)
A mutant. P47phox-deficient B lymphocytes were
transfected by wild-type or Ser(303-379)A p47phox
mutant. ROS production was measured by luminol
and HRPO-amplified chemiluminescence. Data are
representative of 3 experiments.

4). However transfection of p47phox-deficient B
lymphocytes with a plasmid expressing the Ser
(303-379)A-p47phox mutant resulted in a fail-
ure of NOX2 activation and ROS production in
presence of pansorbin or PMA (Figure 4). Thus
p47phox phosphorylation sites are required for
pansorbin-induced NADPH oxidase activation.

Discussion

In the present study, we show that pansorbin
induced NADPH oxidase activation in human
EBV-transformed B lymphocytes. We also show
that pansorbin induces the phosphorylation of
the cytosolic NADPH oxidase subunit p47phox
on Ser303, Ser315, Ser320, Ser328 and
Ser345. Our results also suggest that PKC is
involved in the phosphorylation of p47phox.
Moreover, we show that p47phox phosphoryla-
tion is required for pansorbin-induced NOX2
activation in cells.

NOX2 is mainly expressed in phagocytes such
as neutrophils, eosinophils, monocytes, macro-
phages and dendritic cells [1-6]. Circulating B
lymphocytes do not express NOX2, however
transformation of B lymphocytes with EBV in-
duces the expression of NADPH oxidase sub-
units although at lower levels than those found
in phagocytes [18, 26]. Because neutrophils are
short-living cells and resistant to transfection,
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EBV-transformed B lymphocytes from CGD pa-
tients have been used for NADPH oxidase re-
constitutions and studies [20-22]. NOX2 activa-
tion in EBV-transformed lymphocytes can be
induced by several agonists receptor-mediated
stimuli and receptor-independent stimuli [13,
23, 29, 30]. Pansorbin, a known ligand for im-
munoglobulin G (IgG) expressed at the B cells
surface induced ROS production by these cells.
In this study, we show that p47phox phosphory-
lation is required for this process.

NADPH oxidase activation and regulation are
controled by phosphorylation of its cytosolic
component p47phox on serines located be-
tween Ser303 and Ser379 [6]. It is clear that
stimulation of neutrophils by high concentra-
tions of the chemotactic peptide fMLF or by the
PKC agonist PMA induces complete phosphory-
lation of p47phox [11-13]. PMA induced the
phosphorylation of p47phox in EBV-transformed
lymphocytes [11, 12] and this phosphorylation
is required for NADPH oxidase activation [12].
Here we further show that p47phox phosphory-
lation is required for pansorbin-mediated
NADPH oxidase activation, which is a physiologi-
cal and receptor-mediated stimulus. It was also
shown that Rap1A and Racl are required for
NADPH oxidase activation in EBV-transformed B
lymphocytes [31, 32].

The results presented in this manuscript clearly
show that pansorbin, an IgG agonist induces
NADPH oxidase activation and p47phox phos-
phorylation in EBV-transformed B lymphocytes.
Further, the results suggest that PKC is involved
in this process and that phosphorylation of
p47phox is necessary for Pansorbin-induced
ROS production.
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