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ABSTRACT

Neutrophil g1 integrin expression and contribution to
cell adhesion were revisited in this study. «931 and o531
appeared here as the main p1 integrins expressed on
the membrane of resting platelet-depleted neutro-
phils—a61 representing <15% and «2p1 undetectable.
Neutrophil activation slightly enhanced «5 expression,
did not change «6, but resulted in a two- to threefold
increase of «931, which then became the major g1 inte-
grin of the neutrophil membrane. «9p1 was the only g1
integrin to be up-regulated after transendothelial mi-
gration across TNF-«a-activated HUVECs. As «931 binds
VCAM-1, we analyzed its participation to neutrophil ad-
hesion to TNF-a-activated endothelial cells. Blocking
anti-a9 mADb had little effect on neutrophil static adhe-
sion, contrasting with the strong inhibition by anti-g2
mADb. Under flow conditions, the anti-«9 mAb had no ef-
fect by itself on neutrophil adhesion to activated
HUVECSs but enhanced the blocking effect of anti-p2 an-
tibodies significantly and further enhanced the velocity
of B2-blocked rolling neutrophils. In conclusion, we de-
scribe here for the first time a nearly exclusive up-regu-
lation of «9B1 expression among all g1 integrins during
neutrophil activation and transendothelial migration and
a possibly important synergy between «931 and 2 inte-
grins in stabilizing neutrophil adhesion to endothelium
under flow conditions. J. Leukoc. Biol. 88: 321-327;
2010.

Introduction

Although neutrophils adhere mostly via 82 integrins, they ex-
press B1 integrins, as shown by several groups including ours
[1-3]. While performing an overall study of 81 integrin func-
tions in neutrophils, we observed peculiar properties of 931
and thus, chose to focus on this integrin.

Abbreviations: HBSS™ * =HBSS with Ca™ " and Mg™ ", HBSS" *-BSA=
HBSS with Ca™* and Mg™ *containing BSA 0.1%, MFl=mean fluorescence
intensity, PMIN=polymorphonuclear neutrophil(s)
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Unlike B2 integrins, which mediate leukocyte cell/cell inter-
actions, the Bl integrin family is mostly devoted to cell adhe-
sion to extracellular matrix, and neutrophils were shown to
interact with fibronectin via 581 [1, 4, 5], with laminin via
a6B1 integrin [2], and with collagen via o281 [6]. A major
exception to this rule, among B1 integrins, is a41, which me-
diates leukocyte adhesion to endothelial cells by interacting
with VCAM-1. Rat and mouse neutrophils express a41 and
use it to interact with endothelial cells [7-9].

Human neutrophils lack a481 [10] but, instead, express the
analogous a9B1 integrin [11]. Indeed, a4 and a9 cDNA se-
quences are 41% identical [12], and 91 shares with a4p1 its
specificity for endothelial VCAM-1 [13]. Integrin o981 is also a
receptor for matrix proteins tenascin C and osteopontin and is
expressed on cells of various types, muscle cells, hepatocytes,
and endothelial or epithelial cells [12].

On leukocytes, high levels of a9B1 are present on PMN and
smaller levels on monocytes, and this integrin is absent com-
pletely on lymphocytes or eosinophils [11, 13]. Blood circulat-
ing neutrophils are decreased dramatically in a9-deficient
mice, and a role of «9f81 in granulopoiesis has been proposed,
possibly related to its specific interaction with G-CSF and its
involvement in G-CSF-induced signaling [14].

The functions of @941 integrin on mature neutrophils are
not known. Its high level of membrane expression suggested
that this integrin could participate in neutrophil recruitment
to inflammation sites. However, in vitro experiments resulted
in controversial data, showing that anti-«981 mAb inhibited
[13] or had no effect on transendothelial migration, while the
migration through fibroblast barriers was blocked [11]. In
transfected COS cell lines, @91 inhibits cell spreading and
promotes cell migration on tenascin substrates [15, 16], while
in neutrophils, it mediates osteopontin-induced chemotaxis
[17], thus suggesting a role in cell motility.

Our data here establish for the first time that «91 is up-
regulated drastically upon neutrophil activation and transmi-
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gration and contributes to neutrophil adhesion to activated
endothelium.

MATERIALS AND METHODS

Antibodies and reagents

Included were anti-a 9 integrin (clone Y9A2, Chemicon, Hants, UK); anti-
CD49f (a6 integrin, GoH3, BD PharMingen, San Diego, CA, USA); anti-
CD18 (IB-4, Ancell, Bayport, MN, USA); anti-CD49e (ab integrin, SAM1),
anti-CD62E (E-selectin), and PE-conjugated anti-CD146 (Beckman Coulter,
Roissy, France); and anti-VCAM-1 (CD106; R&D Systems, Minneapolis, MN,
USA). Four clones of anti-CD49b (2 integrin) were tested: 12F1-H6 and
AK-7 (BD PharMingen); Gi9 (Beckman Coulter); and P1E6 (Chemicon).
We used isotype controls from the same firms as mAb. Anti-CD29 (B1 inte-
grin, clone K20) was a generous gift from Alain Bernard (INSERM U576,
Nice, France). TNF-a was from PeproTech (Rocky Hill, NJ, USA), and
HBSS*" and collagenase type I from Clostridium histolyticum were from
Gibco (Paisley, Scotland). All other reagents were from Sigma-Aldrich (St.
Louis, MO, USA).

Neutrophil and endothelial cell isolation

Human neutrophils and endothelial cell HUVECs were isolated as de-
scribed [18, 19] from platelet-depleted blood and from the umbilical vein,
respectively, from healthy volunteers. Neutrophils (2X 10°/ml) were sus-
pended in HBSS*"-BSA. HUVECs were cultured on gelatin-coated flasks in
M199 supplemented with heparin (50 wg/ml), endothelial cell growth sup-
plement (Sigma-Aldrich; 20 ug/ml), and 20% FCS. Third and fourth pas-
sage cells were used exclusively.

Flow cytometry

PMN were labeled as described [20], after blocking FcyRs with heat-aggre-
gated goat IgG and analyzed by flow cytometry on FACSCalibur (Becton
Dickinson, Mountain View, CA, USA). Results are given as MFI.

Assays for PMN adhesion to HUVEC

Static and flow adhesion of PMN on confluent HUVECs, pretreated for 4 h
with 10 ng/ml TNF-« for static adhesion or 0.2 ng/ml TNF-« for flow ad-
hesion, were tested as described [21]. When mentioned, PMN were prein-
cubated for 20 min with blocking anti-a9 clone Y9A2, anti-B2 (clone 1B4)
mADb or isotype controls, or HUVECs preincubated with anti-VCAM-1 mAb
(10 pg/ml) or the isotype control before the adhesion assay.

Flow assay

Cell adhesion was analyzed by real-time videomicroscopy as described [21]
in a flow chamber containing confluent HUVECs. Controlled flow rates
were applied to generate a wall shear rate of 100 s (0.1 Pa), and warmed
37°C buffer and PMN (2X10°/ml in HBSS**-BSA) were perfused sequen-
tially, for 4 min each, over the endothelial cell layer. This was followed by a
period of washout with prewarmed buffer. Video recordings were made
between 1 and 2 min of washout, as described [22]. The perfusion cham-
ber was set on the stage of an inverted microscope (Axiovert 135, Carl
Zeiss, Jena, Germany) with a 10X Hoffman modulation contrast objective
and a charged-coupled device camera (Sony, Tokyo, Japan). Histolab,
Videomet, and Replay software (Microvision Instruments, Evry, France) al-
lowed quantifying the number of adherent cells visible in at least three
fields and measuring instant speeds (um/s) of each moving cell. The per-
centage of rolling neutrophils was defined as the percentage of cells in
contact with the HUVEC surface and moving by >1 cell diameter in a
1-min time-lapse in a given field.

Statistical analysis

Data were compared using a paired ttest analysis and statistical differences
in instant velocities of rolling cells evaluated with a two-tailed Mann Whit-
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ney U test. Statistical significance was defined as follows: *, P < 0.05; **,
P < 0.01; and *#*, P < 0.001.

RESULTS AND DISCUSSION

Membrane expression of 1 integrins on resting
neutrophils

As we pointed out previously [3], the two major pitfalls of 81
or 3 integrin analysis on neutrophils are: i) the presence of
neutrophil FcyRs, which may react with IgG aggregates
present in anti-integrin antibody preparations. Neutrophil
stimuli modulate the FcyR expression and/or activation state
[23, 24], which may up- or down-regulate the nonspecific
binding of IgGs. ii) The contamination by platelets, which ad-
here to neutrophils [25] and express high levels of a21,
abB1, and abB1 integrins.

The membrane expression of Bl integrins was thus analyzed
on neutrophil preparations devoid of platelets, as shown by the
absence of CD41(GPIIb) labeling (data not shown) and after
blocking FcyRs with aggregated goat IgGs before labeling [3]. In
these conditions, the binding of saturating doses of mAb, specific
for each integrin a chain and detected by flow cytometry with
the same fluorescent secondary antibody, revealed that resting
neutrophils express similar levels of ab and a9 integrins, each
representing about one-half of 81 integrins, and a6 membrane
levels only reached 14% of B1 integrins (Fig. 1). Three anti-o2
antibodies resulted in negative labeling of native or stimulated
neutrophils, while they labeled platelets efficiently (Fig. 1). A
fourth anti-a2 mAb, clone 12F1-H6, probably reacted nonspecifi-
cally with neutrophils, as it labeled cells stimulated by fMLP ex-
clusively with cytochalasin B (data not shown), a condition known
to decrease the repulsive negative charge of the PMN outer
membrane [26] and favor the nonspecific binding of antibodies.
Although we cannot formally exclude that neutrophils express
a2f31, our results thus suggest that this integrin is not present on
the membrane of human neutrophils. The discrepancy between
our results and in vitro data published previously, describing
231 membrane expression on human resting neutrophils [6,
271, could result from the lack of complete platelet depletion
before neutrophil isolation or the absence of the FcyR blockade
in labeling protocols. Although the presence of functional o231
integrins on neutrophils had been suggested by a defective neu-
trophil recruitment in a2-deficient mice [6], Edelson et al. [28]
demonstrated elegantly that this resulted from an indirect effect
involving o2 null mast cells, unable to support in vivo neutrophil
recruitment.

Our results are in agreement with a previous report showing
mainly @9B1 and a5B1 and no a2B1 expression on platelet-
depleted neutrophil preparations [29] and confirm that «9831
is one of the major 81 integrins constitutively expressed on
neutrophils [11].

Up-regulation of 1 integrin membrane expression
upon neutrophil degranulation

We then submitted neutrophils to increasing concentrations of
secretagogue. As shown in Figure 2A, micromolar concentrations
of fMLP enhanced a5 membrane expression slightly (33%36%
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Figure 1. Expression of a5f1, a6f1, and a9f1 and lack of a2 chain expression on resting neutrophils. Resting neutrophils (left and middle pan-
els) were labeled with saturating amounts of mAb directed against the various integrin « chains to measure the respective expression of each o
chain by flow cytometry. The shaded peaks represent the isotype control. Platelets (right panel), recovered from the initial blood centrifugation of
neutrophil isolation protocol, were labeled with anti-a2 and are used as a positive control. Similar results were obtained with a2 Gi9, AK-7, and

P1E6 anti-a2 clones. FL2-H, Fluorescence 2-height.

increase and 75=43% with cytochalasin B priming). fMLP did
not modify a6 membrane expression, and the small increase of
anti-a6 labeling observed on cytochalasin B-primed neutrophils
was nonspecific, as it was similarly observed with the IgG1 isotype
control (data not shown). By contrast, a progressive up-regulation
of a9 was observed, which was already significant with nanomolar
fMLP concentrations (60=40% increase), reached a 165 = 90%
increase with cytochalasin B and fMLP, and paralleled the up-
regulation of aMf2 integrin CD11b/CD18. The membrane ex-
pression of the integrin 1 chain increased, as did a9, although
nanomolar concentrations of fMLP did not result in significant
Bl up-regulation. This could result from a lower efficiency of the
anti-31 mAb, insufficient to detect minute up-regulations, or
from the constant amounts of a5B1 and a681, which may ob-
scure small increases of 81 levels related to a9B1 expression.
a9B1 thus appeared as the major 81 integrin of fMLP-activated
PMN (Fig. 2B). A similar «91 up-regulation on neutrophils was
observed with other agonists, such as TNF-«, IL-8, or PMA (Fig.
2C). Finally, when citrated whole blood was incubated with
TNF-a and fMLP, this resulted in increased levels of «981 on the
neutrophil membrane (Fig. 2D), and we confirmed the absence
of a9B1 on lymphocytes or monocytes (data not shown).

Our observation of a parallel increase of @981 and CD11b/CD18
membrane expressions upon neutrophil activation suggests the exis-
tence of intracellular storage pools of «9B1 similar to those of
CD11b/CD18, i.e., in secretory vesicles, mobilized by nanomolar
fMLP concentrations, and in specific granules. These results thus
confirm the presence of “adhesomes,” i.e., intracellular pools of re-
ceptors for extracellular matrix, in neutrophil granules [30].

Modulation of 1 integrin membrane expression
upon neutrophil adhesion to endothelial cells and
transmigration

Up-regulations of a281 and a6B1 integrin membrane expression
had been reported during neutrophil recruitment to inflamma-
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tion sites, mostly based on in vivo experiments in rodents [6, 27,
31-34]. We thus investigated modulations of integrin membrane
expression resulting from neutrophil migration across a mono-
layer of confluent HUVEGs, cultured on gelatin-coated transwells
and preactivated with TNF-a. Neutrophil adhesion to TNF-acti-
vated HUVEGs did not result in significant modulation of a981
integrin expression (Fig. 3A). In this case, neutrophils are acti-
vated exclusively by stimuli exposed on the membrane of endo-
thelial cells, such as IL-8, platelet-activating factor, or leukotriene
B4. The amount of these agonists, in our in vitro setting, may not
be sufficient to produce an increase of @91 expression detect-
able by flow cytometry. Alternatively, a981 up-regulation could be
compensated during PMN adhesion by an endocytic recycling
similar to that described previously for av33 and o681 integrins
on migrating PMN [5, 35]. The observation that neutrophil adhe-
sion to TNF-activated HUVEGs or to gelatin-coated plates (data
not shown) does not modify 91 membrane levels indicates that
B2 integrin engagement is not a trigger for a9p1 up-regulation.

Contrasting with cell adhesion, a 30-min transmigration re-
sulted in a significant increase of a9 levels (63+34% increase;
n=T7; Fig. 3A) and of the overall 81 membrane expression
(59£57% increase; Fig. 3B) of neutrophils recovered from the
lower transwell compartment. Neither ab nor ab expression
was modified by the transmigration (Fig. 3B), and a2 re-
mained absent (data not shown).

The discrepancy between our results and previous in vivo ob-
servations, showing enhanced a281 and a681 membrane expres-
sion on inflammatory neutrophils, could be a result of species
differences or the known association of Bl-rich platelets with mi-
grating neutrophils [36].

Participation of 91 in neutrophil static adhesion to
endothelial cells and transendothelial migration

As VCAM-1 is one of a9B1 ligands, we analyzed the role of
a9B1 in neutrophil adhesion to TNF-a-activated HUVEGs,
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Figure 2. Modulation of 1 integrin expression upon PMN activation.
(A) PMN (2X10°/ml in HBSS**-BSA) were gently tumbled every 5 min
during their activation at 37°C with increasing concentration of fMLP for
5 min at 37°C. Maximum degranulation was obtained by preincubation of
PMN with cytochalasin B (cyt B; 10 pug/ml) for 10 min at 37°C before the
addition of 107 M fMLP. Cells were then labeled with anti-integrin mAb
and analyzed by flow cytometry. Results are expressed as mean * sp of
MEFI after subtraction of each isotype control MFI (n=7-11). Integrin ex-
pressions on activated PMN were compared with those of resting cells
(black bars). (B) Quantitative expression of 1 integrins on neutrophils
activated with 107° M fMLP, as measured by flow cytometry, as in Figure
1. (C) Membrane expression of the a9 chain on PMN activated for 30
min at 37°C with 10 ng/ml TNF-a, 25 ng/ml IL-8, or 10 ng/ml PMA and
labeled as in A (n=4-10). (D) Neutrophil membrane expression of the
a9 chain in citrated whole blood before and after incubation at 37°C with
10 ng/ml TNF for 15 min followed by 10~° M fMLP for 15 min. After
labeling with the anti-o9 mAb, erythrocytes were lysed with Becton Dick-
inson FACS lysing solution before adding the secondary antibody. The
flow cytometry histogram describes @9 membrane expression of PMN,
selected forward-/side-scatter gating, as shown by the inset. *, P < 0.05;
# P < 0.01; and ***, P < 0.001.

which expressed VCAM-1 on their surface (data not shown).
Figure 4A shows that the anti-a9-blocking mAb resulted in a
small, although significant, decrease of PMN adhesion to en-
dothelial cells. As expected, the adhesion was strikingly inhib-
ited by a blocking anti-B2 mAb. Anti-o9 and anti-B2 inhibitory
effects were not additive, as no significant difference was ob-
served when PMN were treated with anti-82 mAb alone or in
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conjunction with anti-a9 antibodies. This result implies, as re-
ported previously [13], that @91 does not promote a B2-inde-
pendent static adhesion but may modulate f2-mediated ef-
fects. Kinetic experiments showed that the effect of anti-a91
mAb was detected only when antibody-treated cells were in
contact for more than 20 min with endothelial cells (data not
shown). One should point out, however, that this inhibition of
neutrophil static adhesion by anti-«981 mAb, although signifi-
cant, was limited to 15 = 10% inhibition, as compared with
the 60—80% inhibition by anti-B2 mAb.

The effect of blocking anti-a9 antibodies was then tested on neu-
trophil migration across HUVEC-coated transwells. Anti-32 mAb sig-
nificantly prevented neutrophil transmigration, and anti-9 antibod-
ies, alone or together with anti-32 mAb, were without effect (Fig.
4B). The participation of @91 in neutrophil transmigration has
been a matter of discussion, as transendothelial migration was shown
to be inhibited [13] or not modified [11] by the clone YOA2 anti-a9-
blocking mAb. It is worth noting that in the former work of Taooka
etal. [13], the inhibition was partial, and we observed a similar inhi-
bition in two out of five experiments. We cannot exclude that some
antibody samples, containing aggregated IgGs, result in nonspecific
inhibitions of neutrophil functions when compared with control
nonaggregated isotypes. On the other hand, we here confirm the
data of Shang et al. [11] and observed no inhibitory effect of the
same anti-a9-blocking antibody alone or in conjunction with anti-32-
blocking mAb.
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Figure 3. Expression of 1 integrins on adherent and transmigrated
neutrophils. PMN (6X10%; in 300 pl M199 with 0.1% BSA) were allowed
to adhere, for 30 min at 37°C, to TNF-activated HUVEGs in 48-well plates.
Adherent cells (adh) were collected after washing off nonadherent PMN
and treatment with 0.5 mg/ml collagenase for 15 min at 37°C. Alterna-
tively, 10° PMN in 500 ul M199 with 0.1% BSA were allowed to migrate
across TNF-preactivated HUVEC cultured on gelatin-coated, 12 mm diam-
eter transwells with 3 um pore size (Corning, Corning, NY, USA), with 25
ng/ml IL-8 in the lower compartment. PMN were recovered from this
lower compartment (trans) after 30 min migration at 37°C with 5% CO..
In both cases, cells were labeled with anti-integrin mAb and analyzed by
flow cytometry as in Figure 2. PMN and HUVECs were distinguished by
forward-/side-scatter gating, confirmed by anti-CD146 labeling (see Fig.
4). (A) Expression of 91 on adherent or transmigrated PMN, as com-
pared with resting cells (black bar; n=7). (B) b, a6, and B1 expression
on transmigrated cells, as compared with resting cells (black bars;
n=6-20 experiments). NS, Not significant; **, P < 0.01.
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Figure 4. Effects of anti-a9 and anti-f32-blocking mAb on neutrophil
static adhesion to endothelial cells and transmigration. (A) Static adhe-
sion of PMN to TNF-activated HUVECs was performed as in Figure
3A, except that PMN were preincubated with the 10 pg/ml IgG1
anti-a9 or the IgG2a anti-B2-blocking mAb, with corresponding isotype
controls, or with a mixture of both anti-integrin clones for 20 min at
room temperature before the adhesion assay. After washing off nonad-
herent cells, adherent PMN were recovered with HUVECs and labeled
for CD146. CD146-negative PMN were then counted by flow cytometry
with a constant time setting. (B) PMN were allowed to migrate across
TNF-activated HUVECs on transwell as in Figure 3B, except that PMN
had been preincubated with the anti-a9 and anti-f2 as in A. The num-
ber of transmigrated PMN, recovered from the transwell lower part,
was counted by flow cytometry with a constant time setting. Results are
expressed as the number of adherent or transmigrated neutrophils
treated with anti-integrin mAb, normalized with the number obtained
with isotype controls, considered as 100% (black bar). Results are the
mean * sp of five similar experiments. *, P < 0.05; **, P < 0.01; *¥%,
P < 0.001.

Participation of @91 in neutrophil adhesion to
endothelial cells under flow conditions

We then tested the effect of blocking anti-a9 antibodies on neutro-
phil adhesion to TNF-activated HUVECs under flow conditions. As
shown in Figure 5A, the anti-o9 mAb alone had no effect, and
anti32 mAb decreased the overall number of adherent PMN, as
compared with control cells treated with the IgG isotype control, in
a doserelated manner (left panel, 2 ug/ml anti-B2; right panel, 10
pg/ml anti-B2). Importantly, anti-o9 mAb further potentiated the
inhibition promoted by those limiting anti-B2 concentrations. In
similar conditions, the anti-a6-blocking mAb GoH3 had no effect on
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neutrophil adhesion, with or without limiting amounts of anti-32
mADb (data not shown).

One should point out that concentrations of anti-32 mAb higher
than 10 ug /ml resulted in complete inhibition of neutrophil adhe-
sion (data not shown), further suggesting that under flow as under
static conditions, @981 does not promote adhesion by itself. This is
reminiscent of a previous report showing that neutrophils with
blocked B2 integrins were unable to adhere to a9f1-specific sub-
strates in spite of conditions known to activate 81 integrins, such as
the presence of Mn* ™", PMA, or anti-Bl-activating mAb [13]. The
inhibitory effect of anti-a981 mAb on neutrophils with limiting
amounts of functional 82 integrins could then be related to a cross-

A
PMN in contact with HUVECs (% of isotype IgG control)

100

* i
50 ’i‘ * 50
0 b,

100

anti-o.9 antl [32 anti- [32 anti-a9 antl 2 anti-p2
1gGs 2ug/ml + Gs Oug/ml  +
anti-a9 anti-a9

Instantaneous .
B C % rolling cells

velocity
um/sec %
20 | S
15
50 50
10
5 25 25
o V1 0 O
anti-p2  IgGs _anti-p2 g anti-p2
'9GS onti-p2 4+ antip2  +  '9%antip2
anti-a9 anti-a anti-VCAM

Figure 5. Effects of anti-a9 and anti-f32-blocking mAb on neutrophil
adhesion to endothelial cells under flow conditions. PMN adhesion to
TNF-activated HUVECs under shear flow conditions was analyzed as
described in Materials and Methods, after preincubation with anti-a9
and anti-B2-blocking mAb or isotype controls as in Figure 4A.

(A) Number of adherent PMN treated with IgGl and IgG2a
(anti-a9 and anti-B2 isotype controls), 10 wg/ml anti-a9 and IgG2a,
2 wg/ml anti-B2 (left panel) or 10 ug/ml anti-B2 (right panel),
with 10 ug/ml IgGl or anti-a9 in both panels. Data give the

mean * sp (n=3 in each panel) of the mean number of adherent
neutrophils per field, normalized with the results obtained with
control isotypes (black bars). (B and C) Experiments were per-
formed as in A after PMN preincubation with anti-a9 and anti-2-
blocking mAb (n=5 experiments). (B) Instantaneous velocities of
rolling cells, i.e., distances in um/s, of each moving cell followed
during 30 s—1 min on one to three fields. At least 20 cells per con-
dition were followed. (C) Number of rolling cells, defined as the
percentage of PMN in contact with HUVECs, which moved in a
lapse-time of 1 min in a given field. Similar experiments were per-
formed with untreated PMN perfused on HUVECs pretreated with
anti-VCAM-1 before perfusion (right panel, n=>5 experiments).*,

P < 0.05; **, P < 0.01; *** P < 0.001.
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talk between 91 and B2 integrins, similar to that described previ-
ously for a41 and 2 integrins on myeloid cell lines [37].

When analyzing the rolling cells, as defined in Materials and
Methods, we observed that the blocking anti-32 mAb led to a two-
fold increase of their instantaneous velocities (Fig. 5B), confirming
the role of 82 integrins in slowing down the rolling movement by
promoting a firm adhesion. Importantly, those instantaneous veloci-
ties were enhanced further when 82 and o931 integrins were
blocked (Fig. 5B), suggesting a participation of @91 in stabilizing
PMN adhesion.

The percentage of rolling PMN, among cells in contact with
HUVECGs, was not affected by the anti-a9 mAb alone (data not
shown) but was enhanced by the anti-B2 mAb (Fig. 5C). One
would indeed expect that preventing the B2 integrin-mediated
firm adhesion would prolong the rolling duration and thereby,
increase the percentage of rolling cells. Interestingly, when
neutrophils were incubated with anti-a9 and anti-82 integrin
antibodies, the anti-a9 mAb reversed the effect of the anti-82
mADb, i.e., decreased the percentage of these rolling PMN with
blocked B2 integrins (Fig. 5C). We propose that the inhibition
of B2 and 91 integrins would result in such an unstable ad-
hesion, as suggested by the high rolling velocity, that some
PMN detach from the endothelial substrate and are no more
counted as rolling or adherent cells.

In summary, the inhibition of B2 integrininduced adhesion re-
sulted in a smaller number of neutrophils in contact with the endo-
thelium. Those were mainly rolling cells with a higher velocity than
untreated neutrophils. Anti-a9-blocking antibodies further enhanced
the velocity of these rolling PMN with blocked B2 integrins, probably
leading to cell detachment and decreasing the total number of ad-
herent neutrophils and the percentage of mobile cells.

As VCAM-1 is one of the a9f1 ligands, we looked if pretreating
endothelial cells with a blocking anti-VCAM-1 mAb would have an
effect similar to neutrophil treatment with the anti-a9 mAb. Anti-
VCAM-1 did not significantly modify the number of adherent PMN
in the presence or not of anti-32 mAb (data not shown). This could
be related to a lower blocking efficiency of anti-VCAM-1 antibodies
or alternatively, would suggest the presence of other «9f1 ligands
on endothelial cells. However, like anti-9 mAb-treated PMN,
HUVEC pretreatment with anti-VCAM-1 mAb clearly decreased the
percentage of rolling PMN with blocked B2 integrins (Fig. 5C).

These results suggest that the binding of a981 to VCAM-1 stabi-
lizes interactions between rolling neutrophils and the endothelium
when the adhesion efficiency of PMN (2 integrins is decreased. This
proposed role of @91 is reminiscent of the reported ability of T cell
a4f31 to support the tethering and rolling of leukocytes under shear
flow and their firm adhesion under static or flow conditions [38,
39]. Similarities in the signaling used by o981 and a4l to promote
cell migration have indeed been described recently [17]. Selectins/
mucins are the major partners of leukocyte rolling, and we con-
firmed previously that anti-E-selectin-blocking antibodies prevent
neutrophil rolling completely on activated endothelial cells in spite
of the presence of @91 on the former and of VCAM-1 on the latter
[21]. One could speculate that although selectins mediate the initial
tethering and rolling of leukocytes on endothelial cells, ®91/
VCAM-1 interactions would allow a more prolonged rolling if the
following step of B2 integrin-mediated stable adhesion is delayed or
insufficient. It is possible that shear forces stabilize the o981 active
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conformation, as shown for avB3 [40], so that o931 would not par-
ticipate immediately to neutrophil adhesion but require some time
in the shear flow. This would explain the absence of «931 participa-
tion to neutrophil adhesion to endothelial cells in static conditions,
even when (32 integrins are blocked. These hypotheses certainly de-
serve further investigations.

In conclusion, as a result of its rather recent description about
neutrophils, as compared with a581 and a6f1, the participation of
a9B1 in neutrophil functions has been scarcely studied. We confirm
here some of the data reported previously and add two original
facts: an upregulation of ¢931 membrane expression by inflamma-
tion neutrophil agonists and by transmigration and a new role of
a9B1 in stabilizing neutrophil stable adhesion to endothelial cells
under shear flow.
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