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1. ABSTRACT 

Although the importance of P, integrin-mediated binding to adhesion molecules and 

extracellular matrix molecules is well-established for most types of leukocytes, the 

expression patterns and functional importance of p, integrins on neutrophils have remained 

controversial. 

By FACS analysis we found that human neutrophils express the a4, a5, a9 and P, 

integrin subunits. To examine whether the integrins VLA-4 (a4/p,) and VLA-5 (a5/p,) have 

a functional role on neutrophils, we studied adhesion to their ligand Fibronectin. 

Treatment of neutrophils with antibody 8A2, which specifically binds and activates 

P] integrins, resulted in increased binding to fibronectin. However, addition of blocking 

mAbs revealed that 8A2-induced adhesion did not depend on P, integrins, but on the p2 

integrin CDllb/CD18. Similarly, activation of P, integrins by 8A2 resulted in CD1 lb-

dependent binding of neutrophils to fibrinogen. 

8A2 treatment increased expression of an activation epitope of CD1 lb/CD 18, 

which depended on PI 3-kinase activity and an adequate concentration of intracellular free 

Ca2+. 

These data suggest that engagement of P, integrins on neutrophils results in a 

cross-talk signal that leads to activation of the p2 integrin CD lib/ CD 18, followed by 

CD 1 lb-mediated adhesion. As transmigrated neutrophils are surrounded by both P,- and p2-

ligands in the ECM, this integrin cross-talk could play a role in modifying migration and 

cellular activation in inflamed tissues. 
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2. INTRODUCTION 

Adhesion of leukocytes to endothelial cells and ECM molecules plays a crucial role in 

inflammation ' . Not only is adhesion a necessary initial step for transmigration from the 

bloodstream toward an inflammatory focus in the underlying tissues, it can also influence 

the activation state of leukocytes. This activation can, in the case of neutrophils, lead to the 

production of toxic oxygen metabolites and degranulation with release of proteasesj;4. These 

products are essential for destruction and clearance of pathogens, but may contribute to 

tissue damage during severe or chronic inflammatory responses. 

The first step in the adhesion cascade is characterized by rolling of leukocytes on 

endothelial cells, mediated by the selectins and their ligandsl; . This is followed by tethering 

and firm adhesion, mediated by membrane-bound molecules of the integrin family. 

Interactions with glycoproteins present in the ECM, such as FN and Fb, which the leukocyte 

encounters after migration from the bloodstream, are also mediated by integrins. This family 

of adhesion molecules has been shown to play a role in embryonic development, 

inflammation, thrombosis and tumor metastasis5. 

Integrins are aP heterodimers categorized in groups that share a common P 

subunit3. On neutrophils, the expression of p2 integrins (CD 18) is abundant and essential for 

adhesion to endothelial cells. Especially CDllb/CD18 (aMP2> Mac-1, CR3), a versatile 

molecule that binds diverse ligands such as ICAM-1 on endothelial cells, Fb and 

complement factor C3bi, is highly expressed on neutrophilsl;6. For high-affinity binding to 

its ligands, CDllb/CD18, like all other integrins, needs to undergo a conformational 

change. This so-called integrin activation can be the result of the administration of divalent 

cations in vitro or cellular activation in vivo ' . Various signal transduction routes have been 

implicated in the activation of integrins on leukocytes, including tyrosine phosphorylation8, 

mobilization of [Ca2+]j9 and routes involving PI 3-Kl(). 

Another integrin subtype, the Pi integrins (VLA), is widely distributed among 

numerous cell types. In the past, it was stated that Pi integrins were hardly expressed and 

were of no functional significance on neutrophils"'12. However, several recent papers 

suggested that VLA-4 (a4pi), VLA-5 (a5pi) and VLA-9 (a9Pi) are expressed on human and 

rat neutrophils and do play a role in adhesion and migration13'16. 

We first confirmed expression of VLA-4, VLA-5 and VLA-9 on human 

neutrophils. Next, we determined the role of pi and p2 integrins in neutrophils binding to 

well-characterized extracellular ligands under non-static conditions. The ubiquitously 

expressed ECM molecule FN, present in human plasma and tissues, is upregulated during 

inflammatory responses and is a ligand for the pi integrins VLA-4 and VLA-517, whereas 
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the coagulation product Fb is a well-known ligand for CD1 lb/CD 18 on neutrophils. We 

studied the role of P, integrins more extensively by using mAbs 8A2 and TS2/16, which 

bind and activate the P, subunit18;l9. In lymphocytes and eosinophilic granulocytes, mAb 

8A2 induces increased cell binding via VLA-4 and VLA-5 to the vascular ligand VCAM-1 

and the ECM protein FN20. 

Our experiments demonstrate that p, integrins locked into a high-affinity state 

can trigger subsequent activation of p2 integrins, which strengthens adhesion to ligands such 

as FN and Fb. Signal transduction routes necessary for this integrin cross-talk between 

activated (3, integrins and the integrin CD 11 b/CD 18 require PI 3-K and [Ca2']j. 

3. MATERIALS AND METHODS 

3.1 Monoclonal antibodies and reagents 

MAb HP2/1 (IgG,, anti-cc4 (CD49d)) was a gift from Dr F. Sanchez Madrid (Hospital de la 

Princesa, Madrid, Spain), mAb TS2/16 (IgG,, anti-p, (CD29)) from Dr A. Sonnenberg (The 

Netherlands Cancer Institute, Amsterdam, The Netherlands). MAb 44a (IgG,, anti-CDllb) 

was derived from the American Type Culture Collection (Rockville, MD). MAb 8A2 (IgG,, 

anti-p, (CD29)) was a gift from Dr J.M. Harlan (University of Washington, Seattle, WA). 

MAb P4C10 (IgG,, anti-P, (CD29)) was obtained from Gibco BRL (Paisley, UK). MAb 

Y9A2 (anti-ct9 (CD49i)) was a gift from Dr D. Sheppard (Lung Biology Center, University 

of California, San Francisco, CA). MAb SAM1 (IgG2b, anti-a5 (CD49e)) and IgG-isotype 

controls as well as human plasma FN and HSA were purchased from the Central Laboratory 

of the Netherlands Red Cross Blood Transfusion Service (CLB, Amsterdam, The 

Netherlands). Fb, WTM and PMA were purchased from Sigma Chemical Co. (St. Louis, 

MO), Herbimycin A and TNF-oc from Calbiochem (La Jolla, CA), BAPTA-AM from 

Molecular Probes (Eugene, OR), LY294002 from Biomol (Plymouth Meeting, PA) and 

BSA from Organon Teknika (Boxtel, the Netherlands). All other reagents, if not otherwise 

stated, were purchased from Merck (Darmstadt, Germany). 

Fab fragments were produced by papaine digestion from mAbs 8A2 and 44a. The purity of 

these fragments was confirmed by gel electrophoresis and subsequent silver staining. A 

dose-response curve showed a maximal promoting effect of 8A2-Fab fragments at a 

concentration of 3-5 ug/mL. 
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3.2 KG1a cells 

The leukemie early myeloblastic cell line KG la, obtained from the ATCC (CCL 246.1) was 

maintained in Iscove's modified Dulbecco's medium (IMDM) (BioWhittaker, Brussels, 

Belgium) supplemented with 10% heat-inactivated FCS (Gibco BRL, Paisley, UK), 100 

IU/mL penicillin (Yamanouchi, Tokyo, Japan), 100 ug/mL streptomycin (Gibco BRL) and 

300 ug/mL glutamine. The cells were washed twice in PBS and labeled with 20 ug/mL HE 

(Polysciences, Warrington, PA) for 60 minutes at 37°C. After washing, the cells were 

resuspended in HEPES medium (20 mM HEPES, 132 mM NaCl, 6 mM KC1, 1 mM CaCl2, 

1 mM MgS04, 42 mM K2HP04.3H20, 5.5 mM glucose and 0.4 % (wt/vol) HSA, pH 7.4) at 

a concentration of 4x106 cells/mL. 

3.3 Isolation of granulocytes, labeling and treatment 

Granulocytes were isolated from heparinized blood from healthy donors as described21. 

Briefly, 20 mL of blood was further anticoagulated and diluted with 20 mL of 10% 

trisodium citrate/PBS. Mononuclear cells and platelets were removed by density gradient 

centrifugation over isotonic Percoll (Pharmacia, Uppsula, Sweden) with a specific gravity of 

1.076 g/mL. Erythrocytes were lysed by short treatment of the pellet fraction with ice-cold 

isotonic NH4C1 solution (155 mM NH4C1, 10 mM KHC03, 0.1 mM EDTA, pH 7.4). The 

remaining granulocytes were washed twice in PBS and were resuspended in HEPES 

medium. Cells used for adhesion experiments were labeled with HE as described above. 

The cells were washed once and resuspended in HEPES medium at a concentration of 4xl06 

cells/mL. Light microscopic evaluation of May-Grünwald/Giemsa-stained cytospins of the 

granulocyte fraction revealed a purity of more than 99%, with more than 95% neutrophils. 

3.4 FACS analysis 

After isolation, granulocytes were fixed in 1% paraformaldehyde/ PBS, washed in PBS and 

resuspended at a concentration of 107 cells/mL in ice-cold PBS containing 0.5% BSA. The 

cells were incubated with mouse monoclonal antibodies (5 ug/mL) for 1 hour at 4°C, were 

washed in PBS/BSA and were reincubated with R-phycoerythrin (RPE-) labeled goat-anti-

mouse-Ig antibodies (10 ug/mL) (DAKO, Glostrup, Denmark). After washing, the binding 

of antibodies was assessed by measuring the mean fluorescence intensity by FACS analysis 

(Becton Dickinson, San Jose, CA), and compared to fluorescence levels of isotype controls. 

The activation state of CDllb was assessed by binding of mAb CBRM1/5 (IgG1( a gift 

from Dr T. A. Springer, Center for Blood Research, Boston, MA)22. This mAb binds 

specifically to an activation epitope on this integrin. At 30 minutes, a sample was taken 
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from neutrophils incubated with beads in the microbead assay (see below), immediately 

washed in ice-cold HEPES medium, and incubated with biotinylated CBRM1/5. After 

washing, the cells were incubated with streptavidin-PE (5 ug/mL, Southern Biotech 

Association, Birmingham, Alabama). After washing in HEPES medium, the expression of 

single cells (FL3-positive, FL1-negative) was assessed by FACS analysis. 

3.5 Microbead-binding assay 

FITC-labeled CaiiBRITE beads (polymethylmethacrylate microspheres of 6 urn, Becton 

Dickinson), normally used to calibrate flow cytometers, were washed in PBS and coated 

with FN (1 mg/mL) or Fb (1 mg/mL) for 30 minutes at 37°C. After washing in PBS, the 

beads were resuspended in HEPES medium at a concentration of 4xl06 beads/mL. To study 

adhesive interactions, HE-labeled cells (4xl06/mL) were pre-incubated with mAbs, stirred 

at 200 rpm and kept at 37°C in an aggregometer. In some experiments, cells were pretreated 

for 10 minutes with Herbimycin A (0.1-1 uM), WTM (10 nM) or LY294002 (10 pM) or 30 

minutes with BAPTA-AM (25 uM). BAPTA-AM treated cells were washed once before 

incubation with mAbs. After 10 minutes, an equal amount of FITC-labeled beads 

(4xl06/mL) was added. 

At various times, samples were taken and immediately fixed with 2% 

paraformaldehyde. FACScan analysis showed three populations: Single FL1 (FITC)-

positive events representing unbound beads, single FL3 (HE)-positive events representing 

unbound cells, and double-positive events representing cells bound to beads. From the 

comparison of single FL3 positive with FL1/ FL3 double positive events, the percentage of 

adherent cells was calculated. Adhesion of non-stimulated and 8A2-stimulated neutrophils 

to albumin-coated beads was negligible, showing the specificity of the interaction of 

neutrophils with FN and Fb coatings on the beads. 

3.6 Statistics 

Student's t-test for paired samples (two-tailed) was used for statistical analysis. 
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4. RESULTS 

4.1 Expression of Pi integrins VLA-4 and VLA-5 on human neutrophils 

FACS analysis revealed that the cc4-(CD49d), a5-(CD49e) and a9-(CD49i) integrin subunits, 

as well as the p, subunit (CD29) were expressed on neutrophils (Fig. 1). We did not detect 

any expression of a,, a2, a6or p7 (data not shown). We therefore concluded that neutrophils 

express VLA-4 (CQP,), VLA-5 (a5p,) as well as VLA-9 (a9p,). Sometimes, a small 

subpopulation of granulocytes showed higher a4 expression (Fig. IB, indicated by the 

arrow). This subset consisted of CD9-positive eosinophilic granulocytes, a cell type known 

to express VLA-4 more abundantly than do neutrophils". The percentage of these cells in 

the granulocyte fraction (3.4 ± 1.5) was not sufficient to explain the homogeneous 

expression of VLA-4 on the remaining granulocytes. 

Because both VLA-4 and VLA-5, in contrast to VLA-916, can bind to the ECM 

molecule FN, we hypothesized that neutrophils, like other leukocytes, would bind to FN in a 

(31 integrin-dependent way. 

Fig. 1. The expression of pi integrins on human neutrophils. 
Flow cytometry of log fluorescence intensity of Pi (A), a4 (6), as 
(C) and ag (D) integrin-chain expression on non-stimulated 
human neutrophils. Graphs shown are representative of 5 
experiments. Fluorescence intensity is compared to isotype-
matched negative controls. A high cu -expressing subpopulation 
of eosinophilic granulocytes is indicated with an arrow (B). 

59 



Chapter II 

4.2 8A2-stimulated adhesion of KG1a cells to FN 

To study p, integrin-mediated adhesion, we developed a micro-assay, in which cells were 

incubated and stirred in the presence of ECM-coated beads. To ensure that the experimental 

conditions were optimal for VLA-4- and VLA-5-mediated adhesion, we validated this 

system with KG la cells. This CD34+ leukemic cell line, commonly used as a model for 

hematopoietic stem cells, constitutively expressed high levels of VLA-4 and VLA-5, as well 

as (32 integrins CD1 lb/CD 18 and CD1 la/CD 18 (data not shown). 

Administration of Fab fragments of the [^-activating mAb 8A2 induces strong P, 

integrin-mediated ligand binding, as has previously been shown by us for eosinophilic 

granulocytes20. Similarly, treatment of KG la cells with 8A2 Fab prior to incubation of these 

cells with FN-coated microbeads induced adhesion of these cells to the beads in this assay 

(Fig. 2A). Administration of mAb HP2/1 (anti-a4) or mAb SAM-1 (anti-a5) partially 

inhibited the 8A2-induced binding of KG la cells to FN, and the combination of mAbs 

reduced this binding to baseline levels (Fig. IB). In contrast, anti-CD 1 lb mAb 44a or anti-

CD 18 mAb IB4 (not shown) did not affect KG la binding to FN, excluding a role for p2 

integrins in this process (Fig. 25). As expected, a blocking mAb against a9 also had no 

effect (data not shown). 
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Fig. 2. Treatment with Fab fragments of mAb 8A, which activates pi integrins, induces binding of KG1a 

cells, a leukemic cell line, to FN-coated beads under stirring conditions (A, n=6). This increased binding 

was mediated by the pi integrins VLA-4 and VLA-5, as it was blocked by anti-a4 and anti-as (HP2/1 + 

SAM1) together, but not by anti-CD11b mAb 44a (6, n=6), a p2 integrin which is also expressed on 

KG1a cells. Control cells were treated with isotype-matched irrelevant antibodies. Values represent 

means ± SEM. #p<0.01. 
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4.3 Binding of neutrophils to FN upon activation of pi integrins 

To study whether Pi integrins contributed to adhesion of neutrophils to FN, binding of these 

cells was examined under the same conditions as mentioned above. As was the case with 

KG la cells, treatment with 8A2 resulted in an increase in neutrophil binding to these beads 

(Fig. 3A). To exclude the possibility that cellular activation by binding of the Fc tail of 8A2 

to Fey receptors was responsible for increased adhesion of neutrophils, all experiments were 

performed with Fab fragments of 8A2. Treatment with Fab fragments of another mAb that 

activates Pi integrins, TS2/1619, also resulted in adhesion of neutrophils to FN-coated beads 

(not shown). Even though VLA-4 and -5 are known receptors for FN, neither inhibitory 

mAbs to a4 (HP2/1) and a5 (SAM1) (Fig. 3B) nor peptides containing RGD or LDV (not 

shown) were able to block 8A2-stimulated binding to FN, either alone (data not shown) or 

in combination. A blocking mAb against a9 also had no effect (data not shown). 
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Fig. 3. In neutrophils, similar to KG1a cells, 
activation of pi integrins by treatment with Fab 
fragments of mAb 8A2 induced binding to FN-
coated beads {A, n=11). However, a 
combination of anti-ct4 and anti-as (HP2/1 + 
SAM1) had no effect, whereas anti-CD11b mAb 
44a competely inhibited binding induced by 8A2 
treatment (8, n=7). Thus, increased binding of 
neutrophils to FN after Bi integrin activation was 
mediated by CD11b/CD18, and not by VLA-4 or 
VLA-5. 8A2-induced adhesion of neutrophils to 
Fb, a known ligand of CD11b/CD18, was similar 
to FN (C, n=10). Control cells were treated with 
isotype-matched irrelevant antibodies. Values 
represent means ± SEM. # p<0.01; + p<0.001. 
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A role for other (3, integrins was excluded since a blocking mAb to the p, chain (P4C10), 

which completely blocked 8A2-induced binding of KG la cells, had no effect on 8A2-

induced binding of neutrophils (data not shown). 

Subsequently, we studied the role of the integrin CDllb/CD18 (CR3, Mac-1, 

aMp2). This integrin is strongly expressed on neutrophils, shifts readily from intracellular 

stores to the cell membrane upon activation and can be activated by various stimuli23. The 

8A2-stimulated increased binding to FN was completely abrogated by anti-CD 1 lb mAb 44a 

(Fig. 3B). 

Although FN has been described as a ligand for CD 1 lb/CD 182425, the classical 

ligand for this integrin is Fb, a plasma protein involved in coagulation and deposited in the 

ECM after vascular damage. 8A2 Fab induced adhesion to Fb-coated beads as well, an 

effect that was largely blocked by anti-CD 1 lb (Fig. 3C). Thus, 8A2-induced adhesion to FN 

and Fb followed similar patterns, demonstrating that CD1 lb can mediate adhesion after p̂  

integrin activation, irrespective whether a (3| integrin ligand is present or not. 

These results indicate that activation of fi\ integrins can result in increased 

adhesion of neutrophils to FN and Fb, mediated not by the P, integrins VLA-4, VLA-5 or 

VLA-9, but by the p2 integrin CD1 lb/CD 18. 

4.4 Upregulation of an activation epitope of CD11b/CD18 on neutrophils after 

activation of Pi integrins by 8A2 

The effect of 8A2 on CD 1 lb-mediated adhesion could be caused by an increase in the 

number of activated CD1 lb molecules on the cell membrane of the neutrophils. Incubation 

with 8A2 Fab did not increase absolute numbers of CD l ib , in contrast to treatment with 

TNF-a (Fig. 4/4). However, 8A2 Fab increased binding of mAb CBRM1/5, which 

specifically binds to an activation epitope of CD1 lb22. 8A2 was as effective as TNF-a in 

upregulating expression of this activation epitope (Fig. 4B). This indicates that 8A2 did not 

influence CD l ib expression, but increased the percentage of activated CD l ib molecules, 

which are capable of mediating adhesion. The increase in both CD l ib and CBRM1/5 

epitope was even more impressive with fMLP and PMA. Interestingly, whereas these latter 

two stimuli are known to induce homotypic aggregation of neutrophils, neither TNF-a nor 

8A2 were able to do so (not shown). 
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Fig. 4. pi integrin activation on neutrophils by 8A2 Fab did not lead to increased membrane expression 
of CD11b, in contrast to treatment by TNF-u, as assessed by FACS analysis of binding of mAb 44a (A). 
However, both TNF-a and 8A2 induced activation of integrin CD11b/CD18, as shown by upregulation of 
an activation epitope of CD11b recognized by mAb CBRM1/5 (B). The figures show the log 
fluorescence intensities of one experiment, representative of data from four different donors. 
Expression after 8A2 Fab treatment (thick line) is compared to control levels (thin line) and treatment 
with TNF-a (dotted line). 

4.5 Effects of wortmannin and BAPTA on 8A2-mediated adhesion of neutrophils 

The experiments described above show that KG la cells behaved similarly to lymphocytes 

and eosinophils in this adhesion assay, i.e. (3, integrins were activated by 8A2, resulting in 

p! integrin-mediated adhesion to FN. In contrast, neutrophils followed a different pattern: 

Activation of p, integrins increased adhesion via a member of another integrin family, 

CDllb/CD18. This suggests that Pt integrin activation on neutrophils resulted in a signal 

that led to p2 integrin activation. 

We examined several inhibitors of known signaling pathways to differentiate 

between the induction of high-affinity binding on P, integrins as such and the intracellular 

effects required for p, integrin-mediated activation of p2 integrins. We found that two 

different classes of substances, i.e. the Ca2t chelator BAPTA-AM and the PI 3-K inhibitors 

wortmannin and LY29400226 blocked the effect of 8A2 Fab in neutrophils (Fig. 5A), but not 

in KG la cells (not shown). In addition, LY294002 and BAPTA/AM could block the 8A2-

induced increase in expression of the activation epitope of CDllb recognized by mAb 

CBRM1/5 (not shown). Herbimycin A, an inhibitor of tyrosine kinases, or cytochalasin B, 

an inhibitor of actin polymerization, did not affect 8A2-induced adhesion (concentration 

0.1-1 uM and 2 mM, respectively; data not shown). This indicates that in neutrophils, cross

talk from Pi to p2 integrins requires normal levels of [Ca2+]j as well as intact PI 3-K activity, 
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but not the tyrosine kinases inhibited by herbimycin A. The inhibition of this (3, integrin-

dependent activation route was specific: Activation of (32 integrins in cells that had been 

treated with WTM, LY or BAPTA could be restored by stimulating the cells with PMA, 

resulting in a strong p\ integrin-mediated adhesion to FN-coated beads (SB). On the other 

hand, the p, integrin activation by 8A2 as such is independent of [Ca2*]j or PI 3-K activity, 

at least in KG la cells. 
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FIGURE 5. 8A2- induced adhesion of 
neutrophils to FN-coated beads was 
inhibited by treatment with either PI-3 
kinase inhibitors (wortmannin (WTM, 
10 nM) or LY294002 (LY, 10 UM)). or 
with Ca2" chelator BAPTA-AM (25 
(.iM), showing the involvement of PI3K 
and Ca * in signaling between 
activated Pi integrins to P2 integrins. 
Values represent means ± SEM, # 
p O . 0 1 (-4, n=5). CD11b-mediated 
binding of neutrophils after treatment 
with WTM, LY or BAPTA could be 
induced by PMA (50 ng/mL), 
illustrating that only |5i to P2 integrin 
signaling had been blocked by these 
inhibitors, but not CD11b activation 
and function in itself (8, n=5). Values 
shown are means ± SEM of adhesion 
after 30 minutes incubation in the 
presence of inhibitors, followed by 5 
minutes stimulation with PMA after 
which another sample was taken. 

Control anti-CD11b WTM LY BAPTA 
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5. DISCUSSION 

We report here additional evidence in support of expression and functional importance of 

the p, integrins VLA-4, VLA-5 and VLA-9 on human neutrophils (Fig. 1). The finding that 

neutrophils do express these adhesion receptors is in conflict with earlier reports that have 

claimed that these cells were the only leukocytes not to express VLA-411;I2. However, 

Kubes et al. were the first to describe expression of VLA-4 on human neutrophils, albeit at 

low levels and only after treatment with dihydrocytochalasin B13. These authors showed that 

adhesion to endothelial cells was partly mediated by VLA-4 when p\ integrins were 

blocked27. In the rat it was shown that p, integrins are essential for extravasation of 

neutrophils, and that transmigration itself upregulated surface expression of these 

integrins14. Recently, it was described that VLA-5 can mediate migration of neutrophils 

through fibrin 3. The newly described alpha chain, a9, forming the VLA-9 receptor for 

tenascin-C, is also present on neutrophils and mediates migration over VCAM-1, but not on 

ECM other than tenascin lö. 

It may be that the sensitivity of assays to determine surface antigen expression 

levels in earlier studies was insufficient to unequivocally detect the relatively low levels of 

VLA-4 and VLA-5 expression on human neutrophils, especially if compared to other 

leukocytes such as eosinophilic granulocytes (Fig. 1). Isolation procedures could also have 

resulted in down-regulation of expression levels of surface molecules on neutrophils28. 

However, based on the current data, the dogma that neutrophils are the only leukocytes 

without VLA-4 can be challenged, and differences in migration patterns of eosinophils and 

neutrophils in for instance the allergic response can no longer be explained exclusively by 

the absence of VLA-4 on neutrophils. VLA-5 has more consistently been reported to be 

present on neutrophils in man and rat15, although the functional significance of this adhesion 

receptor is subject to debate. 

In contrast to Pi integrins, which are expressed at low levels by neutrophils, the 

expression level of CDllb/ CD18 is high in comparison with other leukocytes6. Although 

numerous studies have shown that VLA-4 and VLA-5 are essential for binding of other 

leukocytes to FN, several groups have reported that in neutrophils CD lib/CD 18 partly 

mediates this adhesive interaction24;25. In contrast to VLA-4 and VLA-5, which bind to 

LDV and RGD sequences in the FN molecule17, it is as yet not clear how specific the 

interaction of CDllb/ CD18 with FN is, nor to which region of the molecule it binds. 

However, the wide distribution of FN in most ECM, as well as its upregulation during 

inflammatory reactions, could signify a major role for this interaction in modifying 

neutrophil responses after transmigration has taken place. 
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The distinct effects of P, integrin activation on neutrophils versus KG la cells 

illustrate that expression of integrins by itself does not necessarily mean that these 

molecules function the same way in different cell types. The CD34+ leukemic cell line 

KG la and neutrophils express VLA-4 and -5 alike, but opposite to neutrophils, in KG la 

cells P, integrins are essential for FN binding without an additional role for p\ integrins.. 

Our data confirm that CD lib/ CD 18 is essential for binding of neutrophils to FN, 

but also indicate a promoting role for (3, integrins herein. Integrin-mediated adhesion or 

cross-linking of integrin molecules can lead to diverse signal transduction events7"9. The 

complexity of this system is exemplified by the involvement of numerous signal 

transduction routes after binding of various ligands or mAbs to the same integrin on the 

same cell type, e.g. to the CD1 lb/CD 18 integrin in neutrophils30"33. The activation state of 

neutrophils may therefore be influenced to a great extent by the type of integrins present on 

the cell membrane and possible ligands in the direct surroundings. 

The signals required for pi integrin-mediated activation of cell binding to FN via 

p2 integrins were clearly independent from the induction of the high-avidity conformational 

state of the PJ integrins as such. This was shown by inhibiting two different cellular 

pathways. Apparently, the level of ['Ca2+]j and PI 3-K inhibition did not have any impact on 

8A2-induced FN binding of KGla cells, whereas 8A2-increased FN binding via 

CDllb/CD18 recruitment on neutrophils was affected. Whether, and at which level, these 

two pathways interact is as yet unknown. 

Cross-talk between integrin families takes place in numerous cell types34;35. 

Interestingly, cross-talk between VLA-4 and CD 11 a/CD 18 was recently reported for T 

lymphocytes . The data presented here are the first to show cross-talk between integrins in 

neutrophils. However, in the past cross-talk between CD31 (PECAM-1)37:38 and selectins39 

with integrins has repeatedly been reported in neutrophils. These mechanisms presumably 

play a role in the control of dynamic processes such as adhesion of neutrophils to 

endothelium and subsequent transmigration to the ECM, in which adhesive interactions 

have to be continuously turned on and off to enable the cell to crawl along. 

Cross-talk between Pi and p\ integrins could play a role in neutrophil biology at 

sites where ligands for both families are present. As binding of neutrophils to endothelium 

is not mediated by P, integrins, it is more likely that the phenomenon described in this 

manuscript takes place in the ECM in vivo. There, P! integrin activation could initiate or 

modulate neutrophil responses mediated by CD1 lb binding, i.e. the respiratory burst or cell 

survival, rather than providing another anchor for firm adhesion to ligands of Pi integrins. 

Alternatively, the interplay between P, and p2 integrins could regulate migratory behavior 

within the ECM37. Which ligand or stimulus initiates Pi to p2 integrin signaling in vivo 
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remains to be determined. Hypothetically, clustering of p, integrins in the presence of 

multiple binding domains in ECM, or binding to as yet unknown but cell-activating epitopes 

in ECM proteins could provide such a signal. 

As described above, there is increasing evidence for the expression and functional 

importance of (3] integrins on neutrophils, although it is still sketchy, and sometimes 

contradictory. It is clear that, different from the situation in lymphocytes and eosinophils, (3, 

integrins play only a promoting role in adhesion of neutrophils to FN. In conclusion, we 

propose that Pi integrin activation in neutrophils leads to activation of p2 integrins, and 

subsequently p2 integrin-mediated adhesion to FN. Essential for cross-talk between these 

two integrin families in neutrophils are signals that require intact capacity for [Ca2+]j change 

as well as PI 3-K activity. 
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