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Abstract
Neutrophil transmigration requires the localization of neutrophils to endothelial cell junctions,
where receptor-ligand interactions and the action of serine proteases promote leukocyte
diapedesis. NB1 (CD177) is a neutrophil-expressed surface molecule that has been reported to
bind proteinase 3 (PR3), a serine protease released from activated neutrophils. PR3 has
demonstrated proteolytic activity on a number of substrates, including extracellular matrix
proteins, although its role in neutrophil transmigration is unknown. Recently, NB1 has been
shown to be a heterophilic binding partner for the endothelial cell junctional protein, PECAM-1.
Disrupting the interaction between NB1 and PECAM-1 significantly inhibits neutrophil
transendothelial cell migration on endothelial cell monolayers. Because NB1 interacts with
endothelial cell PECAM-1 at cell junctions where transmigration occurs, we considered that NB1-
PR3 interactions may play a role in aiding neutrophil diapedesis. Blocking antibodies targeting the
heterophilic binding domain of PECAM-1 significantly inhibited transmigration of NB1-positive
neutrophils through IL-1β-stimulated endothelial cell monolayers. PR3 expression and activity
were significantly increased on NB1-positive neutrophils following transmigration, while
neutrophils lacking NB1 demonstrated no increase in PR3. Finally, using selective serine protease
inhibitors, we determined that PR3 activity facilitated transmigration of NB1-positive neutrophils
under both static and flow conditions. These data demonstrate that PR3 contributes in the selective
recruitment of the NB1-positive neutrophil population.
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Introduction
Emigration of neutrophils from the bloodstream into tissue is a critical event in the immune
response. A key player in this process is PECAM-1, a molecule expressed on both
leukocytes and endothelial cells. PECAM-1 is a 130 kDa type I transmembrane glycoprotein
composed of six extracellular immunoglobulin (Ig)-like homology domains, a 19-residue
transmembrane domain and a 118 residue cytoplasmic tail (1). Endothelial cells express
approximately 1–2 × 106 copies/cell (2) and homophilic trans-interactions between
PECAM-1 Ig domains 1 and 2 localize this molecule to endothelial cell junctions (3–6)
where it plays an important role in maintaining vascular integrity (7,8). Neutrophils and
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monocytes express approximately 50,000 copies of PECAM-1 on their surface, and
antibodies against Ig-domain 1 and 2 of leukocyte or endothelial cell PECAM-1 have been
shown to significantly inhibit leukocyte transmigration in vitro (9) and in vivo (10).

In addition to PECAM-1 Ig domain 1/2-mediated homophilic interactions, monoclonal
antibodies against endothelial cell PECAM-1 Ig-domain 6 have also been shown to inhibit
leukocyte transmigration (11), suggesting the existence of a heterophilic binding partner for
PECAM-1. Several leukocyte receptors, including αvβ3 (12) and CD38 (13), have been
proposed as putative heterophilic binding partners for endothelial cell PECAM-1, however
their biological significance has never been demonstrated. Recently, NB1 (CD177) has been
identified as a high-affinity heterophilic binding partner for endothelial cell PECAM-1 (14).
NB1 is a 55 kDa GPI-coupled receptor that is expressed on a subpopulation of neutrophils
(30–70%), with approximately 13–70,000 copies per positive cell (15). Interestingly, about
3% of the human population does not express NB1 on any of their neutrophils. This has
been reported to be due to the introduction of a stop codon causing early termination of the
NB1 protein (16,17). NB1 was first characterized in 1971 as a target of maternal antibodies
in neonatal allo-immune neutropenia (18), however, the function of NB1 remained unknown
until recently. NB1 interacts with PECAM-1 in a heterophilic manner involving Ig domain 6
of PECAM-1 and a still-to-be identified region of the NB1 molecule. Based on dissociation
constants, heterophilic interaction between NB1 and PECAM-1 is approximately 15 times
stronger than PECAM-1 homophilic interactions (14,19). Furthermore, blocking antibodies
against NB1 significantly inhibit neutrophil transmigration across endothelial monolayers
(14) and NB1 has been shown to promote PECAM-1 phosphorylation (20). The mechanism
by which PECAM-1/NB1 interactions contribute to neutrophil transendothelial migration,
however, is not known.

An interesting characteristic of NB1 is its ability to associate with proteinase 3 (PR3), a
serine protease stored in neutrophil azurophil, secretory and specific granules. Following
neutrophil activation, PR3 is released into the extracellular environment, after which it
rebinds to the neutrophil surface through a specific interaction with NB1 (21). PR3 was first
characterized as an elastin-degrading protease (22) and it is the antigenic target in the auto-
immune disease, Wegener’s Granulomatosis (23,24). Besides elastin, PR3 can also digest
other substrates, including proteoglycans, IgG (25), vWF (26) fibronectin, laminin,
vitronectin, and collagen type IV (27). The proteolytic activity of PR3 is normally held in
check by circulating α1-antitrypsin (28), however in diseases where α1-antitrypsin
expression is reduced or absent, significant neutrophil-mediated pulmonary damage and
vascular inflammation has been reported (29). Despite these observations, the biological role
of NB1-associated PR3 on the neutrophil surface is unknown. However, since NB1 interacts
with PECAM-1 at endothelial cell- cell junctions, it seems reasonable to examine whether
PR3 may contribute to neutrophil transmigration.

In this study, we report that PR3 expression and activity are significantly increased on
transmigrating neutrophils. Disrupting PR3 activity or blocking NB1-PECAM-1 interactions
dramatically inhibits neutrophil transmigration under both static and flow conditions. In
addition, neutrophils expressing NB1 and PR3 appear to be selectively recruited for
transmigration on IL-1β-stimulated endothelial cells.

Materials and Methods
Cells and Reagents

Primary isolated human umbilical vein endothelial cells (HUVEC) were maintained in
RPMI (Invitrogen) with 10% FBS, 2 mM L-glutamine and 500 µg/ml gentamycin. Cells
were used between passages 3–4. The NB1 mAb 7D8 was kindly provided by Dr. D.
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Stroncek, while the antibodies against NB1 (MEM166) and PR3 (PR3G-2) were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA). PECAM-1 blocking antibody 1.2 was
produced and characterized by our laboratory, and has been previously described (30). Fab
fragments of PECAM-1 antibodies were generated using the Fab generation kit from Pierce
Biotechnology, following the manufacturer’s instructions (Rockford, IL). The protease
inhibitors elafin and AEBSF was purchased from AnaSpec (San Jose, CA) and Roche
(Mannheim, Germany) respectively. TNFα, IL-1β, and IL-8 were purchased from
PeproTech (Rocky Hill, NJ). Lipopolysaccharide (LPS) and N-formyl-L-methionyl-L-
leucyl-L-phenylalanine (fMLP) were purchased from Sigma (St. Louis, MO).

Serine protease activity detection
To detect serine protease activity, Förster resonance energy transfer (FRET) was used. A
fluorophore and a quencher dye were coupled to the N- and C-terminal ends of a peptide
substrate highly selective for PR3. On intact peptides, the emission energy of the
fluorophore was captured by the quencher. Following cleavage of the substrate the quencher
is not longer able to absorb the fluorescent energy of the fluorophore and this increase in
fluorescence was measured. The FRET coupled peptide for PR3 was not available
commercially and was synthesized by our protein core facility as previously described (31).
The peptide sequence used (VADCADQ) was reported to be cleaved by PR3 but not by
other neutrophil elastases (NE, CG) (32). Following previously published methods, the
FRET fluorophore (ortho-aminobenzoic acid, Abz) and quencher (nitro-tyrosine) were
coupled to the N- and C-terminal ends of the PR3 peptide substrate (32,33). The substrate
(final concentration 20 µM) was then incubated at 37°C with culture supernatants (150 µl)
or isolated neutrophils (2×105) in a 96 well plate. In studies using transwells, the PR3
activity detected in the culture media was corrected for the volume of neutrophils isolated.
After 45 minutes the plate was read in a Perkin-Elmer 1420 Victor 2 fluorescent plate reader
at λex = 320 nm and λem = 420 nm. The background fluorescence from the FRET substrate
control was later subtracted out. The specificity of this substrate for PR3 over NE and CG
was confirmed by our laboratory (data not shown).

Neutrophil isolation
Neutrophils were isolated as previously described (34). Briefly, blood from healthy,
consenting adult donors was collected in vacutainer tubes (BD Bioscience, Franklin Lakes,
NJ) using 2 mM EDTA as an anti-coagulant. Whole blood was layered over a ficoll-
histopaque gradient (Sigma) and centrifuged for 30 minutes at 1000 ×g. Neutrophils were
isolated from the buffy coat layer and the volume brought to 10 ml with PBSA (Dulbecco’s
PBS without calcium or magnesium with 0.1% BSA). Cells were then washed twice with
PBSA at 200 ×g for 10 minutes before being quantified.

Transwell assays
HUVEC were cultured (1×105 cells/ml) on Corning CoStar 6.5 mm transwells with 3 µm
pore sizes (Sigma). Transwells were first coated with 50 µg/ml fibronectin (Sigma, St.
Louis, MO) before HUVEC were cultured on the inserts overnight. HUVEC were stimulated
four hours with IL-1β (1 ng/ml) or TNFα (100 ng/ml) and in some experiments, PECAM-1
blocking Fab (PECAM-1 1.2, 10 µg/ml) was added to the endothelial cell monolayer for 10
minutes before the experiment to disrupt the heterophilic binding site on PECAM-1. In other
experiments, neutrophils were pre-incubated with the serine protease inhibitors AEBSF (10
µM) or elafin (2 µM) for 10 minutes before being added to the transwells. Neutrophils were
loaded into the top chamber (1×106) and allowed to transmigrate for 60 minutes at 37°C. At
the end of the experiment, neutrophils were collected from the upper and lower chambers.
The bottom of the insert was washed twice to collect any transmigrated neutrophils still
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adherent to the insert. Neutrophils were then quantified using an Animal Blood Counter
(Scil Animal Care Company; Gurnee, IL).

Flow cytometry
Neutrophils analyzed for flow cytometry were either collected from the upper or lower
chambers of the transwell assay or isolated from whole blood (1×105) as described
previously. Neutrophils collected from whole blood were stimulated with TNFα (1 U/ml),
fMLP (50 nM), LPS (1 µg/ml) or IL-8 (100 ng/ml) for 30 minutes at 37°C. Before staining,
neutrophils were incubated with FcR blocking reagent (Miltenyi Biotec; Auburn, CA) for 10
minutes, and then washed with PBSA. Fluorescently labeled monoclonal antibodies to NB1
(7D8) were prepared using an antibody labeling kit from Molecular Probes (Carlsbad, CA).
Staining was quantified using a LSRII flow cytometer (BD Biosciences) and offline analysis
was done using Flow Jo software (Ashland, OR).

Flow adhesion and transmigration assay
Neutrophil adhesion and transmigration were observed under flow conditions using the
VenaFlux in vitro flow assay (Cellix, Dublin, Ireland). Endothelial cells were stimulated
with IL-1β (1 ng/ml) for 4 hours before being transferred to Vena8 EC microfluidic
chambers coated with 50 µg/ml fibronectin. After two hours the microfluidic chambers were
observed on a Zeiss Axio Observer A1 (Thornwood, NY) using a Hamamatsu Orca R2
camera (Bridgewater, NJ). Neutrophils for flow adhesion experiments were resuspended in
RPMI with calcium and magnesium then perfused for 5 minutes at 1 dyne/cm2 (140 s−1),
followed by a 5 minute wash with RPMI containing no neutrophils. Adhesion and
transmigration of neutrophils was observed over 10 minutes and data analyzed offline using
DucoCell software (Cellix). Neutrophils were characterized as rolling if their velocities were
greater than 0.4 µm s−1.

Statistical analysis
Results, where applicable, are expressed as mean ± SEM. Statistical analysis was performed
on GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, CA) and significance
was determined using ANOVA and the Bonferroni post hoc test.

Results
Neutrophil surface expression of PR3 requires NB1

Neutrophils express PR3 in neutrophil azurophil, secretory and specific granules, the
contents of which are secreted into the extracellular environment following neutrophil
activation. Previous studies have shown that PR3 is capable of forming a complex with NB1
on the neutrophil surface (21). To confirm that NB1 is required for PR3 surface expression,
we examined neutrophils from NB1-positive and NB-null individuals both before and after
stimulation with a variety of agonists. As shown in Figure 1A, NB1 was present on 70–80%
of unstimulated neutrophils of a typical normal individual. PR3 was not present on the
surface of either the NB1-positive or NB1-negative resting neutrophil populations.
Following stimulation with TNFα or LPS, only the NB1-positive population of cells became
PR3-positive. Neutrophils from an individual genetically-deficient in NB1 (NB1-null) failed
to capture PR3 using a variety of stimuli (Figure 1B). Taken together, these data
demonstrate that NB1 is required for PR3 presentation on the neutrophil surface.

NB1-PECAM-1 interactions and PR3 activity are required for neutrophil transmigration
Although it is well-established that neutrophil transmigration involves PECAM-1 (9,35),
recent studies have demonstrated that heterophilic interactions between endothelial cell
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PECAM-1 and neutrophil expressed NB1 also play a role (14). To examine whether NB1-
associated PR3 might also play a role in neutrophil transmigration, neutrophils were pre-
incubated with blocking antibodies to NB1 (MEM 166), inhibitors of serine protease activity
(AEBSF, elafin), or blocking antibodies specific for the NB1-binding region on endothelial
cell PECAM-1 and then added to monolayers of IL-1β-stimulated endothelial cells. As
shown in Figure 2A, blocking antibodies specific for either NB1 or PECAM-1 were able to
significantly inhibit neutrophil transmigration. Neutrophil transmigration was also inhibited
by elafin and AEBSF (Figure 2B). These data demonstrate that both NB1 and PR3 play
significant roles in neutrophil transmigration, and that the enzymatic activity of PR3 also
contributes to this process.

Neutrophil transmigration promotes expression of active PR3
To determine whether PR3 expression and activity are increased on the surface of
transmigrating neutrophils, neutrophils from an NB1-positive individual were allowed to
transmigrate through IL-1β-stimulated HUVEC cultured on a transwell membrane.
Neutrophils were then collected from the upper and lower chambers of the transwell and
analyzed by flow cytometry for surface expression of NB1 and PR3. As shown in Figure 3,
cells collected in the bottom chamber displayed significantly increased surface expression of
PR3 following neutrophil transmigration. NB1-positive neutrophils also transmigrated more
efficiently than did NB1-negative neutrophils from the same individual, as reported
previously (14).

To determine whether PR3 activity was preserved on the surface of transmigrated cells, we
employed a FRET peptide substrate specific for PR3 protease activity. As shown in Figure
4A, culture media from fMLP-stimulated neutrophils derived from an NB1-positive and
NB1-null individual contained similar levels of PR3 activity. Only NB1-positive
neutrophils, however, displayed significant PR3 activity on their surface (Figure 4B).
Following neutrophil transmigration on transwell-cultured endothelial cells, we likewise
found that only NB1 positive cells had significant levels of PR3 activity on their cell surface
(Figure 4C). Interestingly, nearly all the serine protease activity was restricted to the
neutrophil surface, as culture supernatants collected from the bottom chambers had
significantly less PR3 activity.

PR3 activity could be significantly inhibited by elafin when added prior to fMLP stimulation
(Figure 4D). However, if neutrophils were stimulated with fMLP for 30 minutes prior to the
addition of elafin, PR3 was protected from inactivation. These data suggest that association
with NB1 protects PR3 from proteolytic inactivation.

PR3 and NB1 contribute to neutrophil transmigration under flow conditions
To determine whether PR3 or NB1 play a role in neutrophil adhesion and transmigration
under physiological flow conditions, endothelial cells were treated with IL-1β for four
hours, transferred to microfluidic chambers, and neutrophils were then perfused over the
endothelial cell surface at 1 dyne/cm2 (140 sec−1) for 5 minutes followed by a 5 minute
washout. Before perfusion, endothelial cells were treated with blocking antibodies specific
for the heterophilic NB1-binding region of PECAM-1, or for NB1 (MEM166), or with
selective serine protease inhibitors (elafin, SLP1). As shown in Figure 5, disrupting NB1-
PECAM-1 interactions with mAb PECAM-1 1.2 did not disrupt leukocyte adhesion per se
to the endothelial surface. We also did not observe any differences in rolling velocity in the
presence of blocking antibodies to NB1 or PECAM-1 compared to our controls (data not
shown). Likewise, total neutrophil adhesion and cell rolling was not inhibited using serine
protease inhibitors, although function blocking antibodies against the β2-integrin CD18 did
block adhesion as expected (36,37). In contrast, neutrophil transmigration was significantly
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inhibited by the addition of blocking antibodies to NB1 or PECAM-1. Likewise, inhibition
of serine protease activity with the PR3-selective inhibitor elafin also blocked neutrophil
transmigration. SLP1, a serine protease inhibitor specific for neutrophil elastase and
cathepsin G also inhibited neutrophil transmigration. These data demonstrate that PR3 plays
an important role in transmigration, though other neutrophil serine proteases also contribute
to this process.

Visualizing neutrophil interactions with endothelial monolayers, elafin-treated neutrophils
were found near endothelial cell junctions; however, these neutrophils were unable to
transmigrate (Figure 6C). When we measured crawling velocity of neutrophils on the
luminal side of the endothelial cells we did not observe any significant decrease in the total
number of crawling neutrophils or crawling speed compared to untreated cells (data not
shown). Therefore, blocking PR3 activity does not inhibit the ability of neutrophils to crawl
toward endothelial cell borders where transmigration occurs. In contrast, blocking antibodies
against NB1 dramatically inhibited the ability of neutrophils to reach endothelial cell
junctions (Figure 6D). Therefore it appears that PR3 and NB1 contribute to neutrophil
transmigration by complementary but distinct mechanisms.

Discussion
Neutrophil transendothelial cell migration is a critical event in the inflammatory cascade. A
major player in this process is endothelial cell PECAM-1, which can interact with
neutrophils through both homophilic and heterophilic interactions. The strongest association
is the heterophilic interaction between endothelial cell PECAM-1 and neutrophil NB1,
which plays an important role in neutrophil transmigration. The most interesting part of this
interaction may be the association of NB1 with the serine protease PR3. In this study we
have demonstrated that PR3 activity also plays a critical role in neutrophil transmigration
and this requires the presence of NB1. We also found that neutrophils expressing NB1 and
PR3 on their surface are selectively recruited, and that the efficiency of transmigration
correlates with increased PR3 activity.

PR3 is unique from other neutrophil serine proteases in that it is highly expressed on the
surface of activated neutrophils via its interaction with NB1. The association of PR3 with
NB1 requires 6 hydrophobic residues on PR3 (Phe-165, Phe-166, Ile-217, Trp-218,
Leu-223, Phe-224) that are not found on neutrophil elastase or cathepsin G, nor are these
residues found in mouse or gibbon PR3 (38). Because NB1 is a heterophilic binding partner
for PECAM-1, NB1 is therefore likely to present PR3 to endothelial cell junctional
PECAM-1. We found that following neutrophil transmigration, catalytically-active PR3
concentrated on the neutrophil surface, rather than in the surrounding media. This is
significant since we also observed that the activity of PR3 on the neutrophil surface is
protected from inhibition by elafin. This suggests that NB1 may play an important role in
protecting PR3 from inactivation, and may allow NB1-positive neutrophils to exert a greater
pro-inflammatory potential, even after transmigration has occurred. The mechanism by
which NB1 protects PR3 from inactivation, while still maintaining its proteolytic activity, is
not known. One possibility is that inhibitors like elafin may be sterically hindered and
unable to interact with NB1-associated PR3. In contrast, a small peptide substrate like our
FRET peptide may still be accessible for cleavage by PR3.

It is well-established that neutrophil serine proteases are essential contributors for
transmigration (39–50). Many studies have focused on the role of neutrophil elastase, a
molecule closely related to PR3. Neutrophil elastase can degrade matrix proteins and is
found at the leading edge of migrating neutrophils (51–53). Transmigrating leukocytes
lacking neutrophil elastase, however, still induce the focal loss of junctional proteins (54)

Kuckleburg et al. Page 6

J Immunol. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and neutrophil elastase knockout mice have no deficiency in neutrophil transmigration (48).
In vivo mouse models have demonstrated, however, that neutrophil transmigration is
significantly disrupted by inhibition of serine protease activity (48). This suggests that other
serine proteases, such as PR3, must play a role. One limitation to our study is our inability to
specifically inhibit PR3. Elafin can selectively inhibit PR3 protease activity, but it can also
inhibit neutrophil elastase. Protease inhibition experiments, (Figures 2 and 5) support a role
for PR3 in transmigration, in addition to the selective transmigration of PR3-expressing
neutrophils (Figure 3) and increased PR3 activity on those cells (Figure 4C). Therefore it
appears likely that the ability of elafin to inhibit transmigration is largely due to its effects
on PR3 and not neutrophil elastase. This being stated, we cannot fully discount the
contribution of neutrophil elastase and cathepsin G in neutrophil transmigration, since the
selective inhibitor of these proteases, SLPI, was also able to inhibit transmigration. This
suggests that neutrophil transmigration involves some redundancy on the part of the serine
proteases which may participate. Unfortunately there is not currently a commercially
available inhibitor specific for PR3. Therefore this will be an area of continued investigation
as more specific inhibitors of neutrophil proteases become available.

At present, it is not known what molecular mechanisms are involved in PR3-mediated
neutrophil transmigration. Extracellular matrix proteins such as fibronectin, laminin,
vitronectin, and collagen type IV are all substrates for PR3 (27). PR3 may also be able to
degrade junctional proteins (e.g. VE-cadherin, occludins). Neutrophil-released progranulin,
a molecule with anti-inflammatory properties, has been shown to be inactivated by PR3
(55). In the absence of neutrophil PR3, the presence of progranulin can inhibit neutrophil
transmigration. A recent report by Zen et al., showed that PR3 can cleave CD11b and this
may be important in promoting neutrophil release from endothelial cell adhesion proteins
during transmigration (56). A final target for PR3 may be protease-activated receptors
expressed on endothelial cells. PR3 has been shown to activate both PAR-1 and PAR-2,
although how this might affect transmigration is unclear (57,57). In future studies we plan to
investigate the molecules that are targeted by PR3, and their contribution to neutrophil
transmigration.

While the majority of individuals express NB1 on the surface of their neutrophils,
approximately 3% of the population does not. This absence is thought to be due to the
introduction of a stop codon resulting in early termination of the NB1 protein during
translation (17). Our data demonstrates that neutrophils of NB1-null individuals capture
little to no PR3 on their surface. We also found that NB1 and PR3 are critical for neutrophil
transmigration, therefore we would expect that neutrophils from NB1-null individuals would
have impaired transmigration compared to normal individuals. Interestingly, we did not find
a transmigration defect for these individuals compared to neutrophils from NB1-positive
subjects (data not shown). Therefore it appears that a compensatory mechanism may exist in
NB1-null individuals that corrects for the absence of NB1. Future studies will be directed
toward investigating alternative mechanisms of endothelial transmigration for neutrophils
congenitally deficient in NB1.

In conclusion, the present investigation has demonstrated that PR3 plays an important role in
neutrophil transmigration under both static and flow conditions. This requires PR3
enzymatic activity and interactions with NB1, a molecule that localizes PR3 to endothelial
cell junctions via its heterophilic interaction with PECAM-1. Furthermore, we have found
that NB1-positive neutrophils are selectively recruited to IL-1β activated endothelial cell
monolayers, suggesting that under specific inflammatory conditions, tissues may accumulate
high levels of neutrophil-expressed PR3. These findings open the possibility that neutrophil
recruitment during inflammatory responses may be more regulated than we currently
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believe, and that NB1 and PR3 may be novel targets for disrupting neutrophil recruitment
during inflammation.
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Figure 1. NB1-positive neutrophils express PR3 following activation
Neutrophils (1 × 105) isolated from NB1-positive or -negative donors were treated with
TNFα (10 µg/ml), IL-8 (10 ng/ml), LPS (1 µg/ml), or fMLP (50 nM) for 30 minutes or left
untreated. (A) Scatter plot showing NB1-positive and NB1-null neutrophils stimulated with
TNFα or LPS and stained with antibodies for NB1 and PR3. Note that PR3 is expressed only
on the NB1-positive neutrophil population. (B) Histogram showing PR3 surface expression
NB1-positive but not NB1-null neutrophils after stimulation with various agonists.
Representative of four experiments.
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Figure 2. NB1 and PR3 both contribute to neutrophil transmigration
HUVEC cultured on transwells were stimulated with IL-1β (1 ng/ml) or TNFα (100 ng/ml)
for four hours. For some treatments neutrophils were pre-incubated with Fc blocking
antibodies followed by a 10 minute incubation with either NB1 blocking (MEM166; 10 µg/
ml) or control antibodies. In other experiments, endothelial cells were incubated with
antibodies against the heterophilic binding domain of PECAM-1 (Fab 1.2, 10 µg/ml) or
control Fab. After 1 hour neutrophils were collected from the bottom chamber and
quantified. (A) Antibodies against neutrophil NB1 (MEM 166) or PECAM-1 Ig domain 6
(PECAM-1 1.2) significantly inhibit neutrophil transmigration in response to IL-1β * p<0.01
compared to control antibody. (B) Neutrophils were pre-incubated with the PR3 inhibitor
elafin (2 µM) or the pan-serine protease inhibitor AEBSF (10 µM before being added to
IL-1β or TNFα stimulated HUVEC. Note that AEBSF and elafin each inhibit neutrophil
transmigration on both IL-1β or TNFα stimulated HUVEC. **p<0.01, *p<0.05 compared to
control. These data represent the SEM± of four separate experiments.
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Figure 3. Neutrophil transmigration increases surface expression of PR3
HUVEC (1×105) were cultured on porous transwell inserts (3 µm) coated with fibronectin
(50 µg/ml). HUVEC were stimulated 4 hours with IL-1β (1 ng/ml) and then neutrophils
(1×106 cells) were added to the upper chamber of the transwell. After 1 hour, neutrophils
were collected from the upper and lower chambers and analyzed for PR3 and NB1 cell
surface expression by flow cytometry. (A) Transmigration of NB1-positive neutrophils
dramatically increased their cell surface expression of PR3. (B) NB1-positive cells were
selectively recruited during neutrophil transmigration. (C) Neutrophil transmigration
resulted in a significant increase in the cell surface expression of NB1 and PR3. Data
represent the SEM± of four separate experiments, *p<0.01 compared to upper chamber.
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Figure 4. Transmigrating neutrophils express catalytically active PR3
The enzymatic activity of PR3 was determined by FRET using a peptide substrate coupled
to a fluorophore (Abz) and a quencher (nitrotyrosine). Neutrophils (1×106) were stimulated
with fMLP (50 nM) to promote PR3 secretion. The supernatant or isolated neutrophils were
then tested for PR3 enzymatic activity which was expressed in relative fluorescence units
(RFU). (A) PR3 activity was detected in the supernatants of both NB1-positive and NB1-
null individuals following fMLP stimulation. SEM± of four separate experiments SEM± of
four separate experiments (B) PR3 was only detected on the surface of NB1-positive
neutrophils; *p<0.01 compared to NB1- cells. (C) NB1-positive and NB1-null neutrophils
(1×106) were allowed to transmigrate 60 minutes on IL-1β stimulated HUVEC cultured on
transwell inserts. Neutrophils and culture media from the bottom chamber were then
examined for PR3 activity. The activity of PR3 was restricted to the surface of NB1-positive
neutrophils; *p<0.01 compared to NB1-null cells or supernatants. SEM± of four separate
experiments. (D) Neutrophils (1 × 106) were stimulated with fMLP (50 nM, 30 min) in the
presence or absence of elafin (2 µM). In some experiments the neutrophils were first
incubated for 30 minutes with fMLP before being treated with elafin for an additional 30
minutes. Neutrophils were then isolated and examined for PR3 activity. *p<0.05 compared
to NB1-null cells or supernatants, **p<0.01 compared to PR3 alone. SEM± of four separate
experiments. (PR3 concentration 1x 10−7 M)
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Figure 5. NB1 and PR3 contribute to neutrophil transmigration under flow conditions
HUVEC were treated with IL-1β (1 ng/ml) for 4 hours and then transferred to Vena8 EC+
flow chambers. Neutrophils were perfused over the endothelial cell monolayers (140 sec−1)
for 5 minutes then washed for an additional 5 minutes. Neutrophil adhesion and
transmigration were observed and later quantified offline. In some experiments, neutrophils
were pre-treated for 10 minutes with inhibitors of PR3 (elafin, 2 µM) or CG/NE (SLP1, 10
µM) or antibodies against NB1 (MEM 166, 10 µg/ml) or CD18 (10 µg/ml). In other
experiments the endothelial cells were treated with a blocking Fab to PECAM-1 (1.2, 10 µg/
ml). Black bars indicate total neutrophil adhesion and white bars signify neutrophil
transmigration. Note that inhibiting NB1 binding to PECAM-1 or using protease inhibitors
does not affect neutrophil adhesion. In contrast, both NB1 and neutrophil serine protease
activity are required for neutrophil transmigration. **p<0.01 compared to IL-1β alone. SEM
± of four separate experiments.
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Figure 6. Differential disruption of neutrophil transmigration by NB1 and PR3 under flow
conditions
Neutrophils were perfused over IL-1β-stimulated endothelial cells for 10 minutes and
adhesion and transmigration were recorded for offline analysis. (A) Unstimulated HUVEC
demonstrated no neutrophil adhesion or transmigration. (B) Significant numbers of
transmigrated neutrophils were observed (phase-dark cells indicated by white circles) on
IL-1β stimulated HUVEC treated with an IgG control antibody. (C) Pre-treatment of
neutrophils with elafin (2 µM, 10 min) did not affect adhesion, but neutrophil transmigration
was arrested at the cell junctions (phase-bright cells indicated by white arrows). (D)
Blocking antibodies against NB1 (MEM166) significantly reduced neutrophil transmigration
(white circles) but total neutrophil adhesion was not inhibited. Representative of four
separate experiments.
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