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SUMMARY

The signalling pathways leading to CXCLS8/IL-8-induced human neutrophil migration have
not been fully characterized. The present study demonstrates that CXCLS8 induces tyrosine
phosphorylation as well as enzymatic activity of proline-rich tyrosine kinase 2 (Pyk2), a non-
receptor protein tyrosine kinase (PTK), in human neutrophils. Induction of Pyk2 tyrosine
phosphorylation by CXCLS is regulated by Src PTK activation, whereas it is unaffected by
phosphatidylinositol 3-kinase activation. Inhibition of Pyk2 activation by PP1, a Src PTK
inhibitor, is paralleled by the inhibition of CXCLS8-mediated neutrophil chemotaxis. Among
CXCLS receptors, Src protein tyrosine kinase activation selectively regulates CXCRI1-
mediated polymorphonuclear neutrophil (PMN) chemotaxis. Overexpression of PykM, the
kinase-dead mutant of Pyk2, blocks CXCLS8-induced chemotaxis of HL-60-derived PMN-like
cells, thus pinpointing the key role of Pyk2 in CXCL8-induced chemotaxis.

INTRODUCTION

Polymorphonuclear neutrophils (PMNs) respond to a variety of
inflammatory mediators by enhancing margination to the
endothelium and migrating from the bloodstream to the site
of inflammation."* PMN activation results in increased phago-
cytosis, bacterial killing, release of lysosomal enzymes and
superoxide anion generation. These actions explain the central
role that PMNSs play in the acute inflammatory response and are
closely associated with tissue injury.'

Among chemotactic factors generated at the site of inflam-
mation, interleukin-8 (CXCLS8/IL-8) is a key mediator of
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PMN recruitment. CXCL8 belongs to the C-X-C branch of
the chemokine family, which also includes CXCL1/GRO,
CXCL7/NAP-2, CXCL5/ENA-78 and CXCL6/GCP-2.°*
CXCL8 receptors (CXCR1 and CXCR2) are seven-transmem-
brane-domain receptors known to couple intracellular signal-
transduction pathways involving the activation of Bordetella
pertussis toxin-sensitive GTP-binding proteins, activation of
phospholipase C@, formation of the second messenger inositol
1,4,5-triphosphate and the subsequent increase of intracellular
calcium concentration.”™ Phosphatidylinositol 3-kinase -y
(PI3KY) activity has also been shown to increase in response
to CXCLS8; and the extracellular signal-regulated kinases
(ERKs), belonging to the mitogen-activated protein kinase
(MAPK) family, become activated in response to CXCL8.*’
Although the intracellular mediators of CXCLS8-induced cel-
lular response have been extensively described, the signalling
pathways required for CXCL8-induced PMN migration have
not been fully characterized.

Proline-rich tyrosine kinase 2 (Pyk2) is a non-receptor protein
tyrosine kinase (PTK) that is closely related to the p125 focal
adhesion kinase (FAK). Pyk2 is expressed in different cell types,
including brain cells, fibroblasts and haemopoietic cells.'®™"?
Human leucocytes express both p125 FAK and Pyk?2, but only
Pyk2 seems important for PMN cell functions.'*'> Pyk2 can
interact with several signalling or cytoskeletal molecules, such
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as Src family PTKSs, the Grb2 and p130Cas adaptors, paxillin
and the Rho guanine nucleotide-exchange factor, Graf. Pyk2
couples several receptors, including integrin and chemokine
receptors, with a variety of downstream effectors, including
small G protein belonging to the Ras and Rho families,
MAPKSs, protein kinase C and inositol phosphate metabolism,
thus regulating cell adhesion, migration, proliferation and
survival,'0:13-16-17

The present study demonstrates that CXCL8 induces Pyk2
tyrosine phosphorylation and enzymatic activity in human
PMN:s. By using a highly specific inhibitor of Src PTKs, namely
PP1, we also report that Src PTKs are involved in CXCLS8-
induced Pyk2 phosphorylation. On the contrary, inhibition of
PI3K activation by using the specific inhibitor, LY294002, does
not affect CXCL8-induced Pyk2 phosphorylation. Inhibition of
Pyk2 activation by PP1 is paralleled by the inhibition of
CXCL8-mediated neutrophil chemotaxis. Moreover, over-
expression of the kinase-dead mutant of Pyk2 (PykM), known
to prevent Pyk2 enzymatic activity,'® blocked CXCL8-induced
chemotaxis of HL-60-derived PMN-like cells. These data indi-
cate that Pyk2 activation is a key event in mediating CXCLS-
induced PMN migration.

MATERIALS AND METHODS

Materials

Recombinant CXCLS8 was from PeproTech (Rocky Hill, NJ).
RPMI-1640 and Opti MEM media were from Life Technologies
(Paisley, UK). Fetal bovine serum (FBS) was from Hyclone
(Sterile System; Logan, UT). Diff-Quik was from Harleco
(Gibbstown, NJ). Micro Boyden chambers and polycarbonate
filters were from Neuroprobe Inc. (Pleasanton, CA).

Anti-32 integrin hybridoma was a kind gift of Dr F. Sanchez-
Madrid (La Princesa Hospital, University of Madrid, Madrid,
Spain). Anti-phosphotyrosine (anti-pTyr) immunoglobulin was
from Upstate Biotechnology Inc., Laboratories (Lake Placid,
NY); fluorescein-conjugated F(ab’), goat anti-mouse immuno-
globulin was from Techno Genetics (Torino, Italy). Anti-
CXCRI, anti-CXCR2, neutralizing anti-CXCRI1, neutralizing
anti-CXCR2 and anti-phospho-Pyk2 immunoglobulins were
from BioSource International (Camarillo, CA). Rabbit anti-
serum anti-Pyk2 (600) and pcDNA encoding PykM were kindly
provided by Dr J. Schlessinger (Department of Pharmacology,
Yale University School of Medicine, New Haven, CT); goat
polyclonal anti-Pyk2 (N19) was purchased from Santa Cruz
Biotech. (Santa Cruz, CA). PP1 was from DBA Italia (Milano,
Italy). Endotoxin [lipopolysaccharide LPS)] and LY294002
were from Sigma (St Louis, MO). [**P]JATP was from Amer-
sham International (Bucks., UK).

Cells
PMNs were obtained from the bufty-coat of heparinized human
peripheral blood from healthy volunteers through the courtesy
of Centro Trasfusionale, Ospedale S. Salvatore (L’Aquila,
Italy). PMNs were prepared to 99% purity by centrifugation
through a Ficoll-Hypaque gradient.'®

The human promyelocytic cell line, HL-60 (ATCC,
Manassas, VA), was cultured in RPMI-1640 supplemented with
2 mM L-glutamine, 50 mg/ml gentamicin sulphate and 10%

heat-inactivated FBS. HL-60 cells were induced to differentiate
to PMN-like cells by exposure to 1-2% (v/v) dimethylsulph-
oxide (DMSO) for 5 days.'> Membrane expression of CXCR1
and CXCR2 was evaluated by using a fluorescence-activated
cell sorter (FACScan; Becton Dickinson Immunocytometry
System, San Jose, CA), as previously described.”

Differentiated HL-60 cells were transiently transfected by
electroporation by the addition of 20 pg of pcDNA-derived
plasmid (expressing PykM or the empty pcDNA3) to 400 pl of
cell suspension, as described previously.?' Cell viability was
>95% in all experiments, as measured by Trypan blue dye
exclusion.

Migration assay

Cell migration was evaluated using a 48-well microchemotaxis
chamber, as previously described.?? The chamber was incubated
for 45 min (PMNs) or 2 hr (HL-60), at 37° in air with 5% CO..
At the end of incubation, filters were removed, fixed, stained
with Diff-Quik and five oil-immersion fields at high magnifica-
tion (100x) were counted after sample coding.

Immunoprecipitation and Western blotting

PMNs were resuspended in serum-free RPMI-1640 (5 x 107
cells per 300 pl tube), pretreated with 5 mM diisopropyl fluor-
ophosphate (30 min at 37°) and then stimulated with vehicle,
CXCLS or anti-f2 monoclonal antibody (mAb).?* Stimulation
was stopped by the addition of ice-cold wash buffer [0-4 mM
Na,EDTA, 10 mMm Nay4P,O5, 10 mM NaF, 0-1 mM Na3zVOy4 in
phosphate-buffered saline (PBS), pH 7-4], the cells were
pelleted by centrifugation for 5 min at 500 g and then lysed
for 30 min at 4° in ice-cold lysis buffer [1% (v/v) Triton-X-
100, 1 mM CaCl,, 1 mM MgCl,, 0-1% NaNj, 1 mM phenyl-
methylsulphonyl fluoride (PMSF), 2 pg/ml aprotinin, 2 pg/ml
leupeptin, 10 mM NaF, 10 mM iodoacetamide]. Lysates were
clarified by centrifugation at 15 000 g for 15 min at 4° and the
supernatants were subjected to immunoprecipitation with
anti-Pyk2 (600) immunoglobulin, or immunoblotting. The
immune complexes were resolved by sodium dodecyl sulphate—
polyacrylamide gel electrophoresis (SDS-PAGE) (7-5% gel),
transferred to nitrocellulose and immunoblotted with anti-
pTyr or with anti-Pyk2 (N19) immunoglobulin.?®> Pyk2 phos-
phorylation (HL-60) and PykM (HL-60) expression were
evaluated in cell lysates by immunoblotting, as previously
described.?*

Immune complex kinase assay

PMNs were lysed in modified RIPA buffer (50 mM Tris—HCl,
pH 7-5, 150 mM NaCl, 0-3% sodium deoxycholate, 0-1%
Nonidet P-40, 1.5 mm MgCl,, 1 mM EDTA, 0-2 mM EGTA,
1 mM Na3;VO,, 20 mM NaF, 25 um ZnCl,, 1 mM PMSE,
10 pg/ml aprotinin and 10 pg/ml leupeptin), and equal amounts
of cell lysates were immunoprecipitated with anti-Pyk2 (600)
immunoglobulin. The immunoprecipitates were incubated, for
12 min at 23°, with 50 pl of Tris buffer containing 5 pCi
[**PJATP and 30 pg/ml poly(Glu-Tyr). The reaction was
stopped by adding 2x SDS sample buffer, and **P-labelled
immunocomplexes were resolved on 7-5% SDS-PAGE. The
gel was dried and the **P-labelled proteins were made visible by
autoradiography.

© 2004 Blackwell Publishing Ltd, Immunology, 111 407-415
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RESULTS

CXCLS8 induces tyrosine phosphorylation and tyrosine
kinase activity of Pyk2 in human PMNs

Treatment of PMNs with CXCLS8 stimulated the tyrosine phos-
phorylation of an intracellular protein with an apparent mole-
cular weight (MW) of 115 000 (Fig. 1). The effect of CXCLS8
was concentration-dependent, starting at 10 ng/ml and reaching
maximal levels of stimulation at 400 ng/ml (Fig. 1a, upper
panel), and time-dependent, the 115 000-MW protein under-
going rapid phosphorylation after 15 and 30 seconds, and
declining thereafter (Fig. 1b, upper panel). By reblotting the
membranes with anti-Pyk2 immunoglobulin, we showed that
the 115 000-MW band corresponds to Pyk2. Comparable
amounts of Pyk2 protein were detected in each lane (Fig. 1a,
1b, lower panels).

Induction of Pyk2 by CXCL8 was also confirmed by
immunoprecipitation experiments. When suspended PMNs
were stimulated with CXCLS8 (400 ng/ml for 15 seconds),
immunoprecipitation with anti-Pyk2 followed by immunoblot-
ting with anti-pTyr demonstrated tyrosine phosphorylation of
Pyk2 in response to CXCLS8 (Fig. 2a, upper panel). Similar
amounts of Pyk2 were immunoprecipitated in all samples, as
indicated by the anti-Pyk2 antibody (Fig. 2a, lower panel).

To assess whether the increase of Pyk2 tyrosine phosphory-
lation led to the induction of Pyk2 enzymatic activity, Pyk2
immunoprecipitates from control or CXCL8-stimulated PMNs
were analysed in an in vitro kinase assay. As shown in Fig. 2(b),
Pyk2 immunoprecipitates from CXCLS8-stimulated PMNs con-
tained tyrosine kinase activity, evaluated as phosphorylation of
the exogenous substrate polyGlu-Tyr (2-3-fold increase versus
vehicle-stimulated group, determined by densitometric analy-
sis). As a positive control, Pyk2 tyrosine phosphorylation
(Fig. 2a) and its enzymatic activity were stimulated by a satu-
rating concentration of anti-B2 antibody (Fig. 2b; 1-6-fold
increase versus vehicle-stimulated group, determined by
densitometric analysis), as previously described.*

Src PTKs are involved in CXCL8-induced Pyk2
phosphorylation and chemotaxis of human PMNs

To investigate the upstream events regulating CXCL8-induced
Pyk2 activation in human PMNSs, and in particular the role of
PTKSs belonging to the Src PTK family, we evaluated the effect
of PP1, the specific inhibitor of Src PTKs. The effect of PP1 was
evaluated at a concentration (10 puM) reported to block Src PTK
activity.”> PMN pretreatment with PP1 abrogated CXCLS-
induced Pyk2 phosphorylation (Fig. 3a). As Pyk2 tyrosine
phosphorylation has been reported to be downstream of PI3K
activation in human PMNs,26 we next evaluated the effect of the
specific inhibitor of PI3K LY294002 on CXCL8-induced Pyk2
tyrosine phosphorylation. The effect of LY294002 was evalu-
ated at a range of concentrations reported to inhibit (3, integrin-
mediated Pyk2 activation in human PMNs.?” PMN pretreatment
with LY294002 (25 pM or 50 pM) did not affect CXCLS8-
induced Pyk2 tyrosine phosphorylation (Fig. 3b). On the con-
trary, PMN preincubation with LY294002 (50 um) abrogated
LPS-induced Pyk?2 tyrosine phosphorylation (Fig. 3b). We then
evaluated whether Src PTKSs could also be functionally involved

© 2004 Blackwell Publishing Ltd, Immunology, 111 407415
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Figure 1. Interleukin-8 (CXCLS) induces tyrosine phosphorylation of
an intracellular protein that corresponds to proline-rich tyrosine kinase 2
(Pyk2) in human polymorphonuclear neutrophils (PMNs). (a) PMNs
were stimulated with vehicle or increasing concentrations of CXCLS for
15 seconds at 37°. (b) PMNs were stimulated for different periods of
time with vehicle or CXCL8 (400 ng/ml). The lysates were analysed by
immunoblotting with antibody to phosphotyrosine (anti-pTyr) (upper
panels) immunoglobulin. The same filters were probed with anti-Pyk2
(N19) immunoglobulin (lower panels). Data shown in the figure repre-
sent one of five independent experiments, with similar results obtained
in each. MW, molecular weight; WB, Western blot.

in CXCL8-mediated PMN chemotaxis. The results shown in
Fig. 4(a) demonstrate that PP1, at concentrations of 3, 10 and
30 puM, significantly reduced PMN migration induced by an
optimal concentration (10 ng/ml)** of CXCLS. Reduction of
PMN migration was concentration-dependent, reaching a
maximal inhibitory effect at 10 uM (71% inhibition). PP1
alone did not significantly affect PMN viability at any con-
centration tested (data not shown). As PP1 pretreatment did not
completely block CXCL8-induced PMN chemotaxis, we then
evaluated whether CXCR1- or CXCR2-mediated chemotaxis
could be Src PTK independent. To achieve this, we evaluated
the effect of PP1 on CXCLS8 chemotaxis in the presence of a
neutralizing concentration of anti-CXCR1 (3 pg/ml) or anti-
CXCR2 (3 pg/ml) immunoglobulin. As shown in Fig. 4(b),
pretreatment of PMNs with anti-CXCR2 significantly reduced
CXCL8 chemotaxis (52% inhibition) and PP1 (3 pM or 10 pum)
further reduced PMN migration, with the inhibition being
almost complete at 10 uM (90% inhibition versus the groups
treated with anti-CXCR2 alone). On the other hand, pretreat-
ment of PMNs with a neutralizing concentration of
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Figure 2. Interleukin-8 (CXCLS8) induces tyrosine phosphorylation
and tyrosine kinase activity of proline-rich tyrosine kinase 2 (Pyk2)
in human polymorphonuclear neutrophils (PMNs). PMNs were stimu-
lated with vehicle, CXCLS8 (400 ng/ml; 15 seconds at 37°) or saturating
concentrations of anti-f, (30 min at 4°). The lysate was immunopre-
cipitated using antibody to proline-rich tyrosine kinase 2 (anti-Pyk2)
(600). (a) The immunoprecipitate was immunoblotted by antibody to
phosphotyrosine (anti-pTyr) (upper panel). The same filter was probed
with anti-Pyk2 (N19; lower panel). (b) Tyrosine kinase activity was
evaluated in the immunoprecipitate, as described in the Materials and
methods. Data shown in the figure represent one of three independent
experiments, with similar results obtained in each. IP, immunoprecipitate;
MW, molecular weight.

anti-CXCR1 dramatically inhibited CXCLS8 chemotaxis (76%
inhibition) and PP1 did not further reduce PMN migration,
suggesting that CXCR2-mediated chemotaxis could be
Src PTK independent (Fig. 4c). Finally, we evaluated the
effect of LY294002 (25 pM or 50 uM) on CXCLS8-induced
PMN chemotaxis. The data presented in Fig. 5 show that
LY294002 significantly reduces CXCL8 chemotaxis (76%
inhibition at 50 um). LY294002 alone does not affect PMN
viability (data not shown).

CXCLS8-induced Pyk2 kinase activity controls the
chemotaxis of HL-60-derived PMN-like cells

To provide direct evidence on the role of Pyk2 in PMN
chemotaxis, we used PykM, a mutant with the ability to prevent
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Figure 3. Src protein tyrosine kinases (PTKs), but not phosphatidyli-
nositol 3-kinase (PI3K), is involved in interleukin-8 (CXCLS8)-induced
proline-rich tyrosine kinase 2 (Pyk2) phosphorylation. (a) Human
polymorphonuclear neutrophils (PMNs) were pretreated with vehicle
or PP1 (10 uM) for 15 min at 37°. PMNs were then stimulated with
vehicle or CXCL8 (400 ng/ml) for 15 seconds at 37° in serum-free
RPMI-1640. (b) PMNs were pretreated with vehicle, PP1 (10 pM) or
LY294002 (25 uMm or 50 um) for 15 min at 37°. PMNs were then
stimulated with vehicle, CXCL8 (400 ng/ml; 15 seconds at 37°) or
endotoxin [lipopolysaccharide (LPS)] (100 ng/ml, 30 min at 37°) in
RPMI supplemented with 1% fetal bovine serum (FBS). Cell lysates
were immunoprecipitated using anti-Pyk2 (600) and analysed by Wes-
tern blotting using anti-pTyr (upper panels). The same filter was probed
with anti-Pyk2 (N19) (lower panels). Data shown in the figure represent
one of three independent experiments, with similar results obtained in
each. IP, immunoprecipitate; WB, Western blot.

Pyk2 enzymatic activity.'®?®* HL-60 cells were induced to
differentiate to PMN-like cells by exposure to DMSO for
5 days.'? Differentiated cells expressed CXCR1 and CXCR2
(Fig. 6a) and migrated in response to CXCLS8 (data not shown).
As shown for PMNs, CXCL8 (400 ng/ml for 15 seconds)
significantly induced Pyk2 tyrosine phosphorylation in
HL-60-derived PMN-like cells (Fig. 6b).

PMN:-like cells derived from the HL-60 cell line were next
transiently transfected with a pcDNA3-derived plasmid expres-
sing PykM, or with the empty pcDNA3 plasmid, and then
assayed for CXCL8 migration. As shown in Fig. 6(c), the
overexpression of PykM dramatically reduced CXCL8-induced
HL-60 cell migration. The inhibitory effect was present over the
whole CXCLS concentration range tested (10-100 ng/ml), with
maximal inhibition (80%) being observed at 100 ng/ml

© 2004 Blackwell Publishing Ltd, Immunology, 111 407415
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Figure 4. Src protein tyrosine kinase (PTK) activation is involved in
interleukin-8 (CXCLS8)-mediated CXCLS8 chemotaxis. (a) Human poly-
morphonuclear neutrophils (PMNs) were preincubated with vehicle
or PP1 3 um, 10 pM or 30 pMm) for 15 min at 37°. (b) PMNs
were preincubated with neutralizing anti-CXCR2 immunoglobulin
(3 pg/ml), in the presence or absence of PP1 (3 uM or 10 um), for
15 min at 37°. (c) PMNs were preincubated with neutralizing anti-
CXCRI1 (3 pg/ml) immunoglobulin, in the presence or absence of PP1
(3 uM or 10 pMm), for 15 min at 37°. Cells were then tested for their
ability to migrate in response to CXCLS8 (10 ng/ml). Data are expressed
as mean values =+ standard deviation (SD) of three independent experi-
ments. Spontaneous PMN migration was 13 £+ 4. *P < 0-05 versus
CXCLS8 alone (Mann—Whitney U-test); **P < 0-01 versus CXCL8
alone (Mann-Whitney U-test); IP < 0-05 versus anti-CXCR2 alone
pretreated group (Mann—Whitney U-test).

CXCLS. Overexpression of the PykM construct was demon-
strated by Western blotting of whole-cell lysates (Fig. 6c,
bottom). Transfected HL-60-derived PMN-like cells did not
show any change of CXCR1 and CXCR2 expression (Fig. 6a).
Finally, we evaluated whether PP1 could also inhibit CXCLS-
induced HL-60 cell migration. To achieve this, PMN-like cells
derived from the HL-60 cell line, transiently transfected with
the empty pcDNA3 plasmid, were pretreated with PP1 (10 um)

© 2004 Blackwell Publishing Ltd, Immunology, 111 407415
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Figure 5. Phosphatidylinositol 3-kinase (PI3K) activation is involved
in interleukin-8 (CXCLS8)-induced human polymorphonuclear neutro-
phil (PMN) chemotaxis. PMNs were preincubated with vehicle or
LY294002 (25 puM or 50 puM) for 15 min at 37°. Cells were then tested
for their ability to migrate in response to CXCL8 (10 ng/ml). Data are
expressed as mean values + standard deviation (SD) of three indepen-
dent experiments. Spontaneous PMN migration: 23 £ 5 **P < 0.01
versus CXCLS8 alone (Mann—Whitney U-test).

and then assayed for CXCL8 (100 ng/ml) chemotaxis. As
shown in Fig. 7, PP1 significantly reduced the CXCLS8-induced
HL-60 migration. Similarly, pretreatment with PP1 (10 um)
significantly reduced CXCLS8 chemotaxis on HL-60 derived
PMN-like cells transfected with PykM, suggesting that Src PTK
may be directly involved in the control of CXCL8-mediated
chemotaxis besides regulating Pyk2 activation.

DISCUSSION

We show, in this study, that Pyk2 activation is a key event in
mediating the CXCL8-induced chemotaxis of human PMNs.
CXCLS8 induces Pyk2 tyrosine phosphorylation as well as Pyk2
enzymatic activity in human PMNs. Inhibition of Src PTK activa-
tion inhibited both Pyk?2 activation and PMN migration induced
by CXCLS. Inhibition of Pyk2 enzymatic activity in HL-60-
derived PMN-like cells inhibited CXCL8-induced cell migration.

Previous data have reported that CXCLS increases protein
tyrosine phosphorylation in human PMNs, this effect being
mostly represented by phosphorylation of a protein of
~115 000-116 000 MW.?® Our data demonstrate that this pro-
tein is Pyk2 and that CXCLS induces Pyk2 tyrosine phosphor-
ylation in a concentration- and time-dependent manner in
human PMN:s. To the best of our knowledge, no previous studies
have reported the activation of Pyk2 in CXCLS8-stimulated
PMNs. Among the family of FAKSs, human leucocytes express
both p125 FAK and Pyk2, but only Pyk2 plays a functional role
in activated PMNs,'*!> suggesting that FAK-mediated adhe-
sion/cytoskeletal reorganization of PMNs could be essentially
mediated by Pyk2 activation. In agreement with this hypothesis,
Pyk2 localizes to podosomes and focal adhesion sites in sti-
mulated PMNs, and specific inhibition of Pyk2 activation is
associated with the inhibition of tumour necrosis factor-induced
PMN spreading.?®

Tyrosine phosphorylation of Pyk2 in human PMNs was
reported to be dependent on B2 integrin-mediated cell adhe-
sion.”” Our results demonstrate that CXCL8-induced Pyk2
activation may also occur in suspended PMNSs. Previous reports
have indicated that several chemokines, including CCLS/
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Figure 6. Overexpression of PykM (the kinase-dead mutant of proline-rich tyrosine kinase 2)-blocked interleukin-8 (CXCLS)
chemotaxis in HL-60-derived human polymorphonuclear neutrophil (PMN)-like cells. (a) Membrane expression of CXCR1 and
CXCR2 receptors in differentiated HL-60 cells, or differentiated HL-60 cells transiently transfected with pcDNA3-derived plasmid
expressing PykM or empty pcDNA3, was determined by flow cytometry analysis. Cells were labelled with anti-CXCR1, anti-CXCR2
or isotype-matched control monoclonal antibodies (mAbs) followed by incubation with fluorescein isothiocyanate (FITC) goat anti-
mouse Ab. Dotted, solid and heavy type lines represent isotype-control Ab, anti-CXCR1 Ab and anti-CXCR2 Ab, respectively. Mean
channel fluorescence (MCF) is reported. (b) Differentiated HL-60 (5 x 107/ml) were stimulated with CXCL8 (400 ng/ml) for
15 seconds at 37°. The lysate was analysed by immunoblotting with anti-active proline-rich tyrosine kinase 2 (Pyk2) (upper panel). The
same filter was probed with anti-total-Pyk2 (N19; lower panel). (c) Differentiated HL-60 cells were transfected with pcDNA-derived
plasmid expressing PykM or with the empty pcDNA3. Overexpression of PykM was demonstrated by Western blotting with anti-Pyk2
(N19), 40 hr after electroporation (low). Transfected cells were then tested for their ability to migrate in response to increasing
concentrations of CXCL8. Data are expressed as mean values =+ standard deviation (SD) of three independent experiments. **P < 0.-01
versus empty pcDNA3-transfected cells [analysis of variance (ANOVA)]. MW, molecular weight.
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Figure 7. Src protein tyrosine kinase (PTK) activation is involved in
interleukin-8 (CXCL8)-induced HL-60-derived PMN-like cell migra-
tion. HL-60-derived human polymorphonuclear neutrophil (PMN)-like
cells were transiently transfected with pcDNA-derived plasmid expres-
sing PykM, or with empty pcDNA3. Cells were preincubated with
vehicle or PP1 (10 um) for 15 min at 37° and then tested for their ability
to migrate in response to CXCLS8 (100 ng/ml). Data are expressed as
mean values £ standard deviation (SD) of three independent experiments.
*##*P < 0-01 versus the corresponding vehicle-treated group (Mann—
Whitney U-test).

RANTES (regulated on activation, normal, T-cell expressed,
and secreted), CXCL12/SDF-1 (stromal-cell-derived factor 1)
and CCL2/MCP-1 (monocyte chemoattractant protein-1),
induce a rapid increase of Pyk2 tyrosine phosphorylation in
suspended cells.**=2 Moreover, LPS can induce Pyk2 tyrosine
phosphorylation in suspension as well as in adherent mono-
cytes,® demonstrating that Pyk2 can undergo tyrosine phos-
phorylation in the absence of signals provided by adhesion. The
finding that Pyk2 could be activated by mechanisms other than
cell adhesion is consistent with the hypothesis that both soluble
agonists and extracellular matrix adhesion receptors have to
synergize to fully activate a cellular response.>* Indeed, it was
found that Pyk2 is able to localize to focal contact sites via its C-
terminal domain where it propagates integrin-initiated signals,
and is also able to associate with growth factor receptors via its
N-terminus.”* In addition, stimulation of Jurkat T cells with
anti-T-cell receptor immunoglobulin results in Pyk2 tyrosine
phosphorylation. Activation of T cells with the a4[3; integrin
ligand [vascular cell adhesion molecule-1 (VCAM-1)] and anti-
T-cell receptor immunoglobulin induced rapid and sustained
synergistic Pyk2 phosphorylation, further supporting the indi-
cation that Pyk2 may represent a molecular link between
integrin and soluble agonists.

The induction of Pyk2 by CXCLS8 seems to be regulated by
the activation of Src PTKs , inasmuch as PP1 (the inhibitor of
Src PTKSs) prevents both Pyk2 activation and cell migration
induced by CXCLS. These data are in keeping with previous
reports that Pyk2 tyrosine phosphorylation is dependent on the
activation of Src PTKs in human PMNs.?? Although, among Src
PTKSs, PP1 is known to be a specific inhibitor for Lyn in human
PMN,*® thus suggesting that Pyk2 tyrosine phosphorylation
might be downstream to Lyn activation, further experiments
are needed to elucidate this hypothesis in our experimental
model. Src PTK activation seems to selectively regulate
CXCRI1-mediated chemotaxis, with CXCR1 being the pre-
dominant receptor in mediating CXCL8 chemotaxis,®’ whereas
CXCR2-mediated chemotaxis could be Src PTK independent.
Induction of Pyk2 by CXCLS seems to be PI3K independent,
inasmuch as the inhibitor of PI3K LY294002 does not affect
CXCL8-induced Pyk2 tyrosine phosphorylation. LY294002

© 2004 Blackwell Publishing Ltd, Immunology, 111 407415

was tested at a range of concentrations reported to inhibit 3,
integrin-mediated Pyk2 activation in human PMNs,?>" and
LY?294002 effectiveness was also confirmed in our experimental
conditions by inhibition of LPS-induced Pyk2 tyrosine phos-
phorylation.*® On the other hand, PMN pretreatment with
LY294002 significantly reduced CXCL8-chemotaxis. These
data are in keeping with previous reports that PI3K activation
is crucial in CXCL8-mediated chemotaxis®®*® and suggest that
PI3K activation could be either independent or downstream to
Pyk2 action in CXCL8-stimulated PMNs.

Overexpression of PykM in differentiated HL-60 cells dra-
matically reduced CXCL8-mediated chemotaxis, strongly sug-
gesting that Pyk?2 activation plays a key role in CXCL8-induced
chemotaxis. Several lines of evidence suggest that Pyk2 tyro-
sine phosphorylation is closely linked to chemotaxis and cell
migration in multiple cell types. It has recently been demon-
strated that Pyk-2 acts as a receptor-proximal link between
integrin and chemokine receptor signalling, and a Pyk-2/Rac
pathway plays a pivotal role in the control of natural killer (NK)
cell transendothelial migration.*® Indeed, Pyk2 localization to
membrane ruffles and lamellipodia suggests that its site of
action is in these structures, where new adhesion sites are
formed during cell spreading and migration.?®>°** Additional
support for FAKs in mediating cell migration comes from
studies showing that p125 FAK-deficient cells are refractory
to motility signals from platelet-derived and epidermal growth
factors.*' Finally, it has been recently reported that the expres-
sion of a dominant negative mutant of p125 FAK perturbs the
migratory response to C-X-C chemokines in cell transfectants
expressing CXCR1 and CXCR2 receptors.*? Similarly to
human PMNs, CXCLS8 chemotaxis seems to be regulated by
Src PTK activation in differentiated HL-60 cells, where cellular
migration is strongly reduced by PP1. In addition, PP1 pretreat-
ment also significantly reduced CXCL8 chemotaxis in differ-
entiated HL-60 cells overexpressing PykM, suggesting that Src
PTK may be directly involved in the control of CXCLS-
mediated chemotaxis besides regulating Pyk2 activation.

In summary, we found that CXCLS8 induces Pyk?2 activation
in human PMNs. Pyk?2 activation, but not PI3K, is downstream
to Src PTK activation. Specific inhibition of Pyk2 activity was
paralleled by a strong reduction of PMNs chemotaxis, pinpoint-
ing the key role of Pyk2 in CXCLS8-mediated chemotaxis.
Among CXCLS receptors, Src PTK activation selectively reg-
ulates CXCR1-mediated chemotaxis in human PMNs, with
CXCRI1 being the predominant receptor mediating CXCLS
chemotaxis. Consistent with the pathophysiological role played
by CXCLS8 in several inflammatory diseases, our results indicate
that Pyk2 may represent a suitable target for the development of
new anti-inflammatory drugs.
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