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Maria Gómez-Gaviro,2* Maria Domı́nguez-Luis,2† Javier Canchado,‡ Jero Calafat,‡ Hans Janssen,§

Enrique Lara-Pezzi,¶ Anne Fourie,� Antonio Tugores,# Agustı́n Valenzuela-Fernández,**
Faustino Mollinedo,‡ Francisco Sánchez-Madrid,* and Federico Dı́az-González3†

A disintegrin and metalloproteinase domain (ADAM) proteins are a family of transmembrane glycoproteins with heterogeneous
expression profiles and proteolytic, cell-adhesion, -fusion, and -signaling properties. One of its members, ADAM-8, is expressed
by several cell types including neurons, osteoclasts, and leukocytes and, although it has been implicated in osteoclastogenesis and
neurodegenerative processes, little is known about its role in immune cells. In this study, we show that ADAM-8 is constitutively
present both on the cell surface and in intracellular granules of human neutrophils. Upon in vitro neutrophil activation, ADAM-8
was mobilized from the granules to the plasma membrane, where it was released through a metalloproteinase-dependent shedding
mechanism. Adhesion of resting neutrophils to human endothelial cells also led to up-regulation of ADAM-8 surface expression.
Neutrophils isolated from the synovial fluid of patients with active rheumatoid arthritis expressed higher amounts of ADAM-8
than neutrophils isolated from peripheral blood and the concentration of soluble ADAM-8 in synovial fluid directly correlated with
the degree of joint inflammation. Remarkably, the presence of ADAM-8 both on the cell surface and in suspension increased the
ectodomain shedding of membrane-bound L-selectin in mammalian cells. All these data support a potential relevant role for
ADAM-8 in the function of neutrophils during inflammatory response. The Journal of Immunology, 2007, 178: 8053–8063.

T he recruitment of leukocytes into the inflammatory foci is
a cardinal event in the inflammatory response. This cell
accumulation is preceded by a highly coordinated se-

quence of interactions between leukocytes and endothelial cells, a
process termed adhesion cascade (1, 2). Neutrophils are, as part of
the innate immune response against pathogens, the first immune
cells to be recruited at inflammatory foci, exerting their function
via the phagocytosis of foreign bodies, the releasing of several
antimicrobial polypeptides stored in their intracellular granules (3),

and the generation of oxygen-free radicals. Human neutrophils
contain three major different types of granules: azurophilic or pri-
mary granules, specific or secondary granules, and gelatinase-rich
or tertiary granules, as well as an apparently releasable organelle
named secretory vesicle (3, 4). Specific and tertiary granules,
together with secretory vesicles, constitute a reservoir of a wide
array of plasma membrane proteins involved in the adhesion
cascade, that are translocated to the cell surface in response to
neutrophil activation. Azurophilic granules are mainly involved
in the phagocytic and microbicidal function of neutrophils and
thereby contain a large number of lytic enzymes (3, 4).

The effective regulation of neutrophil influx to tissue is impor-
tant to minimize the destructive effect that neutrophil cytotoxic
granule contents may produce in the normal tissue during the in-
flammatory response (5). Several adhesion molecules, including
members of the selectin family, participate coordinately in the mi-
gration of flowing neutrophils through vascular endothelium (1, 2).
Neutrophils use L-selectin to roll along endothelium in the initial
phase of the adhesion cascade. In seconds, L-selectin is shed from
the surface of rolling neutrophils and both rolling speed and neu-
trophil accumulation are increased when in vitro shedding is
blocked (6). Thus, a correct regulation of the L-selectin ectodo-
main processing appears to be necessary for an efficient transen-
dothelial migration of neutrophils (7). A member of the a disinte-
grin and metalloprotease domain (ADAM)4 family of membrane
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metalloproteinases, ADAM-17 (CD156b), also known as TNF-�-
converting enzyme (TACE), has shown proteolytic activity on
L-selectin (8). Although it is well-established that ADAM-17 is
required for efficient L-selectin shedding, the fact that TACE-de-
ficient cells generate a significant shedding of L-selectin (9), in
addition to other evidence (7), strongly suggests that there may be
other sheddase and/or additional factors involved in this process.

The ADAM protein family consists of a number of widely dis-
tributed transmembrane glycoproteins that play key roles in sperm-
egg binding and fusion, muscle cell fusion, neurogenesis, suscep-
tibility to type I hypersensitivity, and proteolysis of several
membrane proteins (10–12). The basic structure of an ADAM
family protein is well-conserved and comprises a cysteine-rich do-
main, a disintegrin domain, with adhesive properties, and a met-
alloproteinase domain responsible for the ectodomain shedding of
membrane proteins and for the cleavage of extracellular matrix
components (11). Catalytically active ADAMs are usually acti-
vated by furin-catalyzed removal of the prodomain. However,
some ADAM members do not seem to be catalyzed by furin-like
proteases, including ADAM-8 (CD156a), whose prodomain is re-
moved by a metalloproteinase (13). ADAM-8, originally cloned
from monocytic cells (14), is expressed mainly in cells of the im-
mune system, such as monocytes, granulocytes, and B cells. Al-
though mice lacking the ADAM-8 gene presents no major struc-
tural defects (15), different reports have suggested a role for
ADAM-8 in a number of pathological processes (16, 17). Re-
cently, ADAM-8 has been involved in osteoclast (OCL) fusion
(18). Its expression is increased in OCLs compared with OCL
precursors and stimulates OCL formation in murine bone marrow
cultures. ADAM-8 has also shown to act as a sheddase. In partic-
ular, it is able to convert membrane-bound CD23 (19) and the
neural cell adhesion molecule CHL1 into soluble forms (20). How-
ever, the regulation of the expression and/or function of ADAM-8
in cells of the immune system, where it is preferentially expressed,
is still poorly understood. The recent implication of ADAM-8 in
the allergic response (17), in addition to its potential role in the
process of leukocyte infiltration shown by ADAM-8-transgenic
mice (21) have increased the interest for this surface metallopro-
teinase in the regulation of the inflammatory response.

In this study, we describe the expression profile, localization,
and regulation of ADAM-8 in human neutrophils. We show that
ADAM-8 is localized both on the cell membrane and in the cyto-
plasmic granules of resting neutrophils. Upon cell activation, both
in vitro and in vivo, ADAM-8 was mobilized from the granules to
the cell membrane and finally released to the extracellular milieu
by a metalloprotease-dependent proteolysis. The physiological rel-
evance of these observations was supported by the finding that the
presence of ADAM-8 in the knee joints of patients diagnosed with
rheumatoid arthritis (RA) correlated with the intensity of the local
inflammatory response. In addition, we show that both the mem-
brane-bound and the active soluble form of ADAM-8 (sADAM-8)
were able to cleave L-selectin from the plasma membrane, further
supporting a key role for this metalloproteinase in neutrophil func-
tion at inflammatory sites.

Materials and Methods
Patients

Samples of synovial fluid were isolated from the knees of five patients with
active RA, as defined by the American College of Rheumatology (22), and
from five patients with a diagnosis of knee osteoarthritis. Peripheral blood
was simultaneously obtained from the same patients. The Ethics Commit-
tee of Hospital de La Princesa approved the study and informed consent
was obtained from all the patients.

Generation of anti-ADAM-8 mAbs

mAbs were generated as previously described (23). Briefly, BALB/c mice
were immunized with the peptide CTMAHEMGHNLGMDHDENVQGC,
containing the Zn2�-binding consensus motif of the ADAM-8 catalytic
domain. Hybridoma culture supernatants were tested by ELISA against the
immunogenic peptides and yielded the anti-ADAM-8 mAb 2H5, an
IgG2b�. The specificity of this mAb is later shown in the results section.

Abs, reagents, and plasmids

Anti-human ADAM-8 (hADAM-8) mAb (clone 143338), a murine IgG1
recognizing amino acid 498–653 of human ADAM-8 ectodomain, was
purchased from R&D Systems. All experiments involving flow cytometry
or Western blot analysis for ADAM-8 were done with this mAb, except
where indicated. The monoclonal Ig (IgG1) from the P3X63 myeloma cell
line was used as negative control. Anti-L-selectin mAb Leu-8 was obtained
from BD Biosciences. Anti-CD11b mAb Bear-1 has been previously de-
scribed (24). Anti-human �-tubulin mAb was purchased from Sigma-
Aldrich. The hydroxamic acid-based metalloproteinase inhibitor KD-IX-
73-4 was a gift from Dr. T. K. Kishimoto (Boehringer Ingelheim
Pharmaceuticals, Ridgefield, CT) (25). Recombinant human ectodomain of
ADAM-8 (amino acid residues 1–497) was obtained from R&D Systems
and used either inactive or activated with thermolysin (R&D Systems)
following the manufacturer’s recommendations. All other chemicals were
purchased from Sigma-Aldrich. The expression vector pcDNA3 containing
full-length ADAM-8 and its catalytically inactive form (H604A, H608A)
has been previously described (19).

Cell isolation, growth, and treatments

Human neutrophils were freshly isolated from peripheral blood obtained
from healthy donors by Ficoll-Hypaque (Pharmacia Diagnostics) density
gradient centrifugation for 30 min at 400 � g, followed by erythrocyte
sedimentation at 1 � g in 1.3% (w/v) dextran (Sigma-Aldrich) at room
temperature for 20 min. The neutrophil-enriched fraction was further pu-
rified by hypotonic lysis of erythrocytes, yielding purity �95%. Isolation
of human neutrophils from the synovial fluid obtained from the knees of
RA patients was performed as previously described (26). Neutrophils were
isolated from the blood of the same patients as described above. Experi-
ments with neutrophils were conducted in 15 ml of disposable polypro-
pylene tubes (Falcon Labware). Neutrophils were incubated in PBS alone
or in the presence of 20 ng/ml human recombinant TNF-� (ImmunoTools)
or 20 ng/ml PMA (Sigma-Aldrich) at either 4 or 37°C. HUVEC were
obtained as previously described (23). Studies of neutrophils-HUVEC in-
teraction were conducted in 24-well plates. HUVEC were grown until con-
fluence and stimulated for 6 h with 20 ng/ml TNF-� or maintained in
resting conditions. After washing five times with PBS, 1 � 106 resting
neutrophils were placed in wells and allowed to adhere at 37°C under static
conditions for 15 min. Then, wells were gently washed and nonadherent
cells were pooled. Adherent cells were detached by trypsinization with
trypsin-EDTA (Sigma-Aldrich). In the cell suspension obtained after
trypsinization of the attached cells, neutrophils were discriminated from
HUVEC by their side and forward scatter characteristics shown by flow
cytometry. Adhered and nonadhered cells were labeled by indirect immu-
nofluorescence for the detection of ADAM-8 and CD11b and analyzed
with a FACScan flow cytometer (BD Biosciences), as described below. In
the experiments where the metalloproteinase inhibitor was used, neutro-
phils were preincubated for 10 min at 37°C with 20 �M KD-IX-73-4,
except when indicated.

HEK293 cells were grown in DMEM (PAA), 10% FCS, 50 IU/ml
penicillin, 50 �g/ml streptomycin, and 2.5 �g/ml fungizone. CEM cells
(acute lymphoblastic T cell leukemic cells) were maintained in Dul-
becco’s RPMI 1640 supplemented with 10% FBS, 100 U/ml penicillin,
and 0.1 mg/ml streptomycin. Jurkat cells were cultured in RPMI 1640
(PAA) supplemented with 10% FCS and 2 � 10�5 M 2-ME (Sigma-
Aldrich). None of these three cell lines express ADAM-8 constitutively.
All cells were incubated at 37°C in a humidified atmosphere containing
5% CO2. For transfections, HEK293 and CEM cells were nucleofected
with 2 �g of total DNA by using VCA-1003 kit (Amaxa) according to
the manufacturer’s instructions. For the analysis of L-selectin shedding
by ADAM-8 in HEK293 cells, 0.5 �g of pcDNA3-L-selectin plus 1.5
�g of pcDNA3-ADAM-8 either full-length or mutated were transfected
and cell culture supernatants were collected at 48 h later for protein
detection by an ELISA kit. CEM cells were transfected with 2 �g of
pcDNA3-ADAM-8 either full-length or mutated and cell-free superna-
tant collected at 24 h for protein detection. We observed an important
unspecific shedding of L-selectin induced by the transfection procedure
itself in CEM cells. To avoid this effect, cells were incubated the first
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20 h after transfection in medium containing 20 �M KD-IX-73-4. Then,
the inhibitor was removed and cells were cultured in medium until
supernatant was recovered 4 h later. Construct-expressing cells were
assayed by flow cytometry at the indicated time.

ADAM-17-deficient (DRM�/�) immortalized murine monocytes (27)
stably expressing human L-selectin were generated by retroviral gene
transfer using an established procedure (28). This cell line was cultured and
expanded as described (29).

Flow cytometry analysis

Flow cytometry analysis was conducted essentially as described (24).
Briefly, cells were treated as described above and then incubated with the
different mAbs at 4°C for 30 min. After washing in PBS, cells were labeled
with FITC-labeled goat anti-mouse Ig (DakoCytomation). At least 5 � 103

cells from each sample were analyzed in a FACScan flow cytometer (BD
Biosciences) and data were collected in both linear and logarithmic scales.
Mean fluorescence intensity (MFI) in linear scale was obtained adjust-
ing the fluorescence gain so that �5% of the cells of the sample with
greatest fluorescence were positive in the highest fluorescence channel.
The fluorescence produced by isotype matching control mAbs were
considered as the background. In same experiments, because the fluo-
rescence conditions were different from experiment to experiment, data
were normalized to express the relative (rMFI), according to the fol-
lowing equation: rMFI � (MFIstimulus � MFIP3X63)/(MFImedium �
MFIP3X63).

Immunofluorescence microscopy

Immunofluorescence staining was performed on cells seeded on 18-mm
circular glass coverslips (Fisher Scientific) in serum-free medium. After a
20-min incubation at 37°C for neutrophils and 90 min at 37°C for HEK293
cells, attached cells were fixed with 3.7% methanol-free formaldehyde
(Polysciences) for 10 min at room temperature and, where indicated, were
permeabilized with 0.2% Triton X-100 (Sigma-Aldrich) for 5 min at room
temperature. To block nonspecific binding, coverslips were incubated with
10% normal goat serum (Sigma-Aldrich) for 1 h at room temperature, and
then incubated for 30 min at 37°C with the primary Abs in an isotonic
solution containing 10% normal goat serum. After washing five times with
PBS and incubated for another 30 min at 37°C with a goat anti-mouse
Alexa 488 conjugate (Molecular Probes), coverslips were washed and
mounted in FITC-Guard mounting medium (Testog), and examined with
either a Leitz Orthoplan microscope using a �100 oil immersion objective
or with a confocal microscope as indicated.

Immunoelectron microscopy

Resting human neutrophils and exudate neutrophils from skin window
chambers after phagocytosis of latex beads were fixed for 24 h in 4%
paraformaldehyde in 0.1 M PHEM buffer (60 mM PIPES, 25 mM
HEPES, 2 mM MgCl2, and 10 mM EGTA (pH 6.9)) and then processed
for ultrathin cryosectioning as previously described (30). Cryosections
(45 nm) were cut at �125°C using diamond knives (Drukker Cuijk) in
an ultracryomicrotome (Leica Aktiengesellschaft) and transferred with
a mixture of sucrose and methylcellulose onto formvar-coated copper
grids (31). The grids were placed on 35-mm petri dishes containing 2%
gelatin. For double immunolabeling, the procedure described by Slot
et al. (32) was followed using 10- and 15-nm protein A-conjugated
colloidal gold probes (EM Laboratory, Utrecht University, The Neth-
erlands). After immunolabeling, the cryosections were embedded in a
mixture of methylcellulose and uranyl acetate and examined with a
Philips CM10 electron microscope. Negative controls were prepared by
replacing the primary Abs by a nonrelevant rabbit or mouse Ab, show-
ing no staining of the samples. The Abs used in double immunolabeling
were: mouse mAb anti-ADAM-8 (R&D Systems); rabbit anti-human
lactoferrin (Cappel Laboratories); rabbit anti-human myeloperoxidase
from (DakoCytomation); rabbit anti-gelatinase (33), provided by Dr. N.
Borregaard (Department of Hematology, National University Hospital,
Copenhagen, Denmark); and rabbit anti-human albumin (Central Lab-
oratory, Netherlands Red Cross Blood Transfusion Service, Amster-
dam, The Netherlands).

Subcellular fractionation

Resting or activated freshly prepared human neutrophils (�3–5 � 108)
were gently disrupted and the postnuclear fractions were fractionated in
15%– 40% (w/w) continuous sucrose gradients as described previously
(34). Subcellular fractions were assayed for marker proteins specific for
each organelle, namely lactate dehydrogenase (cytosol), HLA (plasma
membrane), latent alkaline phosphatase (secretory vesicles), gelatinase

(tertiary granules), lactoferrin (specific granules), and peroxidase
(azurophilic granules) as described previously (34, 35). Secretory ves-
icles were not resolved from the plasma membrane under the fraction-
ation conditions used (35). Membranes from each fraction were ob-
tained by diluting the fractions with 50 mM Tris-HCl (pH 8.0), 100 mM
NaCl, and through centrifugation at 45,000 rpm (100,000 � g) for 90
min at 4°C using a 70 Ti type rotor (Beckman Instruments). Finally,
pellets were resuspended in 50 mM Tris-HCl (pH 7.5) containing 2 mM
PMSF and stored at �20°C until use.

FIGURE 1. Expression of ADAM-8 in human cells. A, Western blot
analysis of cell lysates from equivalent number of human neutrophils
and HUVEC. Two mAbs to ADAM-8 were used: one raised against the
catalytic domain peptide sequence of ADAM-8, 2H5 and another com-
mercially available, hADAM-8 (see Materials and Methods for details).
B, Immunofluorescence analysis of HEK293 cells transiently trans-
fected with a full-length ADAM-8 cDNA or the empty expression vec-
tor. Following 48 h after transfection, cells were harvested, washed, and
stained for surface expression of ADAM-8 using hADAM-8 mAb. C,
ADAM-8 surface expression was monitored by flow cytometry using
hADAM-8 mAb on J77 cells stably transfected with an ADAM-8 cDNA
(shaded histogram) or the empty expression vector (unshaded histo-
gram). Dotted histogram represents the negative control Ab (P3X63
myeloma). D, ADAM-8 distribution in nonpermeabilized and perme-
abilized human resting neutrophils. Cells were plated on uncoated crys-
tal slides and treated with 2% formaldehyde in PBS for 5 min at 4°C.
After fixation, some cells were permeabilized at 4°C with 0.5% Triton
X-100 for 1 min, while others were maintained in PBS. Neutrophils
were incubated with hADAM-8 mAb, followed by incubation with a
goat anti-mouse Alexa 488 conjugate. After washing, cells from B and
D were visualized by confocal fluorescence microscopy.
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Western blot assays

Equal amount of total proteins were separated by SDS-16% PAGE and
immunoblotted as described previously (34). After blocking with 5% pow-
dered defatted milk in TBST buffer (50 mM Tris-HCl (pH 8.0), 150 mM
NaCl, 0.05% Tween 20), blots were incubated overnight with 2H5 mAb
(dilution 1/1000), anti-hADAM-8 mAb (dilution 1/1000), or anti-L-
selectin mAb (dilution 1/1500) in TBST buffer. Ab reactivity was detected
with a biotinylated anti-mouse IgG (diluted at 1/1000 in TBST buffer),
followed by incubation with streptavidin-HRP conjugated (diluted 1/1000
in TBST buffer), using an ECL detection system (Amersham Biosciences).

Soluble L-selectin (sL-selectin) and ADAM-8 (sL-ADAM-8)
ELISA

Neutrophils (7 � 106 cells/ml) freshly isolated from both peripheral blood
and synovial fluid as described above, were incubated in PBS alone, with
20 ng/ml PMA or with 20 ng/ml TNF-�. After incubation at the appropriate
temperatures for the times indicated, cells were eliminated by centrifuga-
tion (13,000 � g for 2 min at 4°C) and cell-free supernatants were collected
and stored at �80°C. Synovial fluids obtained from the swollen knees of
both RA patients and osteoarthritis patients were pelleted (300 � g at 4°C

for 10 min) immediately after joint aspiration and cell-free supernatant was
collected and stored. In control experiments, both neutrophil-free superna-
tants and cell-free synovial fluids were ultracentrifuged at 100,000 � g as
described in subcellular fractionation, to discard subcellular fragments, in-
cluding cell microparticles. Soluble ADAM-8 (sADAM-8) concentration
was assessed by an ELISA kit (R&D Systems) following the manufactur-
er’s instructions and the data were expressed as absolute concentration in
picograms per milliliter or in relative units considering: 1) the concentra-
tion of ADAM-8 in the supernatant of neutrophils maintained at 4°C. sL-
selectin from cell-free supernatants was detected by ELISA using an
ELISA kit (Bender Medsystem and R&D Systems) following the manu-
facturer’s instructions and data were expressed as relative concentration
with respect to the basal amount of L-selectin in CEM cells and L-selectin-
transfected HEK-293 cells, which was considered as 1.

Statistical analysis

Differences between groups were examined for statistical significance us-
ing the Wilcoxon’s signed rank test. Values of p � 0.05 were considered
significant.

FIGURE 2. Subcellular distribution of ADAM-8 in human neutrophils.
A, Equal amounts of postnuclear extract (E), soluble (S), and membrane
(M) proteins (70 �g) from resting human neutrophils were run on SDS-
PAGE and analyzed by immunoblotting. B, Enzymatic activity and immu-
noreactive ADAM-8 in subcellular fractions of neutrophils. Resting human
neutrophils were gently disrupted and subjected to subcellular fractionation
as described in Materials and Methods. Fractions (4-ml each, save fraction
1-cytosol-, 6 ml) were collected and analyzed for the activity of specific
organelle markers, which are plotted normalized to the fraction with max-
imal activity. The following markers were assayed. Cytosol: lactate dehy-
drogenase (�); plasma membrane: HLA (f); tertiary granules: gelatinase
(‚); specific granules: lactoferrin (F); azurophilic granules: peroxidase
(E). Membrane proteins (50 �g) from the subcellular fractions 2–8 of
resting and activated human neutrophils (1 �g/ml PMA, 10 min) were
assayed for ADAM-8 by immunoblotting. Membranes from fractions en-
riched in plasma membrane, tertiary granules, specific granules, and azuro-
philic granules were analyzed. The molecular masses (Kd) of the protein
markers are indicated on the left. All data shown are representative of three
independent experiments.

FIGURE 3. ADAM-8 is localized both at the plasma membrane and in
the membranes of neutrophil intracellular granules. A, Electron microscopy
images of resting neutrophils. Cryosections of neutrophils were immuno-
gold labeled with mouse monoclonal anti-ADAM-8 Ab (10-nm gold).
ADAM-8 labeling is detected at the plasma membrane as well as at the
membrane of granules (g) and vesicles (v). B, ADAM-8 is labeled on
the outer side of the plasma membrane facing the external medium and
in the internal face of the membrane of granules and vesicles. Neutro-
phils were also double labeled with ADAM-8 and respectively with
albumin (C), gelatinase (D), lactoferrin (E), or myeloperoxidase (MPO)
(F) using specific immunogold-labeled Abs with different gold particle
sizes (10 and 15 nm) as indicated. In all cases, some granules or albumin-
enriched secretory vesicles, are double labeled (arrows). Inset, D, The pres-
ence of two gold particles of anti-ADAM-8 Ab in a gelatinase-positive
granule. G, Localization of ADAM-8 in exudate neutrophils from skin
window chambers after phagocytosis of latex beads. ADAM-8 (arrows) is
localized in the phagolysosomes (ph). Bars, 200 nm.
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Results
Generation and characterization of anti-ADAM-8 mAbs

To address the regulation of ADAM-8 in neutrophils, we devel-
oped mAbs raised against a peptide containing the catalytic site of
ADAM-8, showing �60% identity with its closest relative,
ADAM-19. Among the Abs obtained, the anti-ADAM-8 mAb 2H5
was chosen for its reactivity against the Ag in immunoblots. The
commercially available anti-hADAM-8 mAb was also tested in
parallel. Western blot analysis using both mAbs revealed two ma-
jor bands in resting human neutrophils, representing a proform of
Mr � 120,000 and, a processed form with a Mr � 90,000, resulting
from removal of the prodomain (Fig. 1A), in agreement with the
previously described molecular weights for ADAM-8 (19). These
Abs did not detect immunoreactive ADAM-8 in HUVEC lysates.
To test the specificity of these two Abs, HEK293 cells were tran-
siently transfected with a human ADAM-8 expression vector
(pcDNA3-ADAM-8) (19) or with the empty parental vector
(pcDNA3), as control. As shown by immunofluorescence (Fig.
1B), the anti-hADAM-8 mAb recognized Ag on the cell membrane
of nonpermeabilized cells transfected with ADAM-8, but not of
those transfected with the control plasmid. Likewise, J77 Jurkat
cells were stably transfected with the same vectors and only the
ADAM-8-transfected cells were specifically recognized by the anti-
hADAM-8 mAb using flow cytometry (Fig. 1C). The 2H5 mAb

did not recognize ADAM-8 by immunofluorescence or by flow
cytometry on any of these ADAM-8-transfected cell lines as well
as on resting or activated human neutrophils (data not shown).

As a first approach to determine the localization of ADAM-8 in
human neutrophils, immunofluorescence studies showed that
ADAM-8 was present at the plasma membrane of neutrophils (Fig.
1D). When these cells were permeabilized with 0.1% Triton
X-100, ADAM-8 staining showed both membrane and vesicular
pattern (Fig. 1D), suggesting that ADAM-8 could be stored in the
intracellular granules of neutrophils.

Subcellular location of ADAM-8 in human neutrophils

To determine more precisely the subcellular location of ADAM-8,
we performed subcellular fractionation assays under conditions
that resolved cytosol, plasma membrane and the different granules
of neutrophils. Anti-hADAM-8 mAb recognized in Western blot
analysis a band of �90 kDa in the postnuclear extract and in the
membrane fraction of human neutrophils, but not in the soluble
fraction containing the cytosol (Fig. 2A). This indicated that
ADAM-8 was membrane bound. Fig. 2B shows distribution of
protein markers in the different subcellular fractions from human
resting neutrophils. ADAM-8 was broadly distributed, localized
both at the plasma membrane and at the membranes prepared from
the distinct cytoplasmic granules (Fig. 2B). ADAM-8 was mainly

FIGURE 4. ADAM-8 is translocated to and re-
leased from the surface of neutrophils. A, Kinetics of
ADAM-8 surface expression in neutrophils. Cells
freshly isolated from peripheral blood were incubated
for 5, 15, 30, 45, or 60 min, at 37°C, and the expression
of ADAM-8 (E) and CD11b (F) was measured by
flow cytometry. Data show one representative time-
response experiment of five. B, Neutrophil surface ex-
pression of ADAM-8 and L-selectin. Neutrophils were
preincubated for 10 min at 37°C, in the absence or
presence of 20 �M of the hydroxamic acid-based in-
hibitor, KD-IX-73-4, followed by incubation for 15
min at 37°C with or without 20 ng/ml TNF-�.
ADAM-8 (f, left axis) and L-Selectin (u, right axis)
surface expression were measured by flow cytometry.
Data shown represent the mean � SD of the rMFI
from five independent experiments. �, p � 0.05 by
Wilcoxon signed rank test. C, Release of ADAM-8 by
neutrophils. Cells were preincubated for 10 min at
37°C, in the absence (f) or presence (u) of 20 �M
KD-IX-73-4, followed by incubation with or without
20 ng/ml TNF-� or 20 ng/ml PMA for 15 or 30 min at
37°C. Soluble ADAM-8 was measured in the cell-free
supernatant by ELISA. Data shown represent the
mean � SD of the relative ADAM-8 concentration
from five independent experiments. D, Flow cytom-
etry histogram of ADAM-8 surface expression in neu-
trophils adhered to endothelial cells. Confluent
HUVEC were activated in the presence of 20 ng/ml
TNF-� for 6 h and then, resting human neutrophils
were allowed to attach to the endothelial cells under
static conditions for 10 min at 37°C. Both neutrophils
in suspension and attached to HUVEC were collected
separately as described in Materials and Methods. The
unshaded histograms represents the ADAM-8 expres-
sion of nonattached cells and the shaded histogram
represents the ADAM-8 expression in attached neu-
trophils; the dotted histogram represents the negative
control. A representative experiment of three is shown.
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detected in subcellular fractions 4–6 (enriched in tertiary and spe-
cific granules), with secondary locations in fractions 2 and 3 (en-
riched in plasma membrane) and, to a lesser extent, in fractions 7
and 8 (enriched in azurophilic granules) (Fig. 2B). Because the
subcellular fractionation conditions used could not resolve secre-
tory vesicles from the plasma membrane (35), the localization of
ADAM-8 in plasma membrane fractions could also include these
subcellular organelles. When neutrophils were activated with
PMA, which induces the selective secretion of specific and tertiary
granules but not of azurophilic granules (36), a relative increase in
the content of ADAM-8 in fraction 2 was observed (plasma mem-
brane fraction), concomitant with a dramatic decrease in fractions
4–6 (tertiary and specific granules), which suggests that secretion
of tertiary and specific granules during PMA stimulation incorpo-
rates ADAM-8-granule membrane bound to the cell surface. In
fraction 7, and mainly in 8 (enriched in azurophilic granules), a
relative increment in ADAM-8 immunoreactivity was observed
(Fig. 2B). This apparent increase in the content of ADAM-8 in
denser fractions might be explained by a putative fusion of intra-
cellular granules during cell stimulation, a process that has been
observed during neutrophils exocytosis (34, 37) as a part of the
so-called compound exocytosis (38).

Immunogold electron microscopic analysis performed on rest-
ing neutrophils detected ADAM-8 at both the plasma membrane
and in membranes from electron-dense granules and electron-lu-
cent vesicles that include secretory vesicles (Fig. 3). ADAM-8 was
detected on the outer side of the plasma membrane facing the
external milieu (Fig. 3A), as well as in the inner side of the mem-
brane of intracellular granules and vesicles (Fig. 3B). Using a di-
rect counting of 16 randomized cell sections, the relative distribu-
tion of ADAM-8 in resting neutrophils was: 52% in electron-dense
granules, 39% in electron-lucent vesicles, and 9% in plasma mem-
brane. To confirm the location of ADAM-8 in the different neu-
trophil cytoplasmic granules and vesicles, cryosections of neutro-
phils were double labeled with anti-hADAM-8 mAb and specific
markers for the different granules and vesicles. We found colocal-
ization between ADAM-8 and albumin, a marker for secretory
vesicles (Fig. 3C), ADAM-8 and gelatinase, a marker of tertiary
granules (Fig. 3D), ADAM-8 and lactoferrin, a marker of specific
granules (Fig. 3E), and ADAM-8 and myeloperoxidase, a marker
for azurophilic granules (Fig. 3F). We also found that ADAM-8
localized to the phagolysosome of human neutrophils after phago-
cytosis of latex beads (Fig. 3G). Interestingly, the presence of dou-
blets in the staining of ADAM-8 could be observed in several

FIGURE 5. ADAM-8 expression is increased in synovial neutrophils
and in synovial fluid obtained from RA patients. A, Flow cytometry anal-
ysis of ADAM-8 basal surface expression in neutrophils isolated from
peripheral blood (unshaded histogram) and from synovial fluid of active

RA patients (shaded histogram). Dotted histogram represents the negative
control (P3X63 myeloma). A representative histogram of four is shown. B,
ADAM-8 shedding by neutrophils from peripheral blood (�) and synovial
fluid (f) of RA patients. Cells were isolated and maintained in medium at
4°C, as control, or incubated at 37°C. After 1 h, cell-free supernatants were
collected and the concentration of sADAM-8 was determined by ELISA.
TNF-� was used at 20 ng/ml. Results shown represent the mean � SD
content of sADAM-8, in relative units, of three independent experiments.
C, Concentration of sADAM-8 in synovial fluid. Synovial fluid from knees
of five RA and five osteoarthritis patients were assayed for sADAM-8
concentration by ELISA as described in Materials and Methods. Data rep-
resent the mean � SD of the concentration of sADAM-8 in synovial fluid
(picograms per milliliter). ��, p � 0.001 vs osteoarthritis by Wilcoxon
signed rank test. The plot shown in the inset represents the correlation
between the increments of sADAM-8 and the total white cell count in
synovial fluid from all patients studied. A highly significant direct corre-
lation between the increment of sADAM-8 concentration and the cell count
in synovial fluid (r � 0.87, p � 0.01) was found.
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slides, suggesting high local molecule concentration (see inset in
Fig. 3D, and Fig. 3, A, B, E, and F).

All these data demonstrate that ADAM-8 is located in both ter-
tiary and specific granules as well as in secretory vesicles, all of
which fuse with the plasma membrane following cell activation,
and play a major role in the exocytic function of neutrophils (3, 4).

ADAM-8 is translocated to the cell membrane and secreted
during neutrophil activation

The broad distribution of ADAM-8 in the different neutrophil
granules and its enrichment at the plasma membrane after neutro-

phil activation strongly suggested that the translocation of this pro-
tein to the cell membrane was closely linked to the neutrophil
degranulation process. To test this possibility, we analyzed the
kinetics of cell surface expression of ADAM-8 by flow cytometry
in neutrophils incubated at 37°C to trigger a progressive activation
response. The basal cell surface expression of this metalloprotein-
ase was transiently up-regulated in a time-dependent manner,
reaching a peak after 15 min of incubation, and immediately fol-
lowed by a significant reduction that reached a plateau at 45 min,
showing a similar profile to that observed for the activation
marker CD11b (39) (Fig. 4A). To clarify whether the decrease

FIGURE 6. L-selectin shedding by
membrane-bound ADAM-8. A, sL-
selectin content in supernatants of
HEK293 cells. Cells were cotrans-
fected with an L-selectin expression
vector with or without an expression
vector encoding either a full-length
(ADAM-8) or a catalytically inactive
form of ADAM-8 (ADAM-8mut), as
indicated. Cells were incubated for
48 h in absence (f) or presence (u)
of 20 �M KD-IX-73-4. The concen-
tration of soluble ectodomain frag-
ment of L-selectin was measured by
ELISA in cell-free supernatant. Data
represent the mean � SE content of
sL-selectin of six independent ex-
periments in relative units. Western
blots show the immunoreactivity of
ADAM-8, L-selectin, and �-tubulin
in cell lysates from one representative
experiment. B, sL-selectin content in
supernatants of CEM cells. Cells
were transfected with or without an
expression vector encoding either a
full-length or a catalytically inactive
form of ADAM-8 as indicated. Cells
were incubated for 24 h in the ab-
sence (f) or presence (u) of 20 �M
KD-IX-73-4 and then, the quantity of
soluble ectodomain fragments of L-
selectin was assessed by ELISA. Data
represent the mean � SE of the rela-
tive sL-selectin concentration from
four independent experiments. �, p �
0.05; ��, p � 0.001 by Wilcoxon
signed rank test. Western blots show
the immunoreactivity of ADAM-8
and �-tubulin in cell lysates from one
representative experiment. C, Flow
cytometry analysis of L-selectin and
ADAM-8 surface expression in CEM
cells transfected with ADAM-8. Dot-
ted histograms represent the negative
control (isotype control); shaded his-
tograms represent the surface expres-
sion of ADAM-8; unshaded histo-
grams correspond to the L-selectin
surface expression in cells after 24 h
of transfection with empty vector
(pcDNA 3), full-length or the catalyt-
ically inactive form of ADAM-8. One
representative experiment of four is
shown.
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of ADAM-8 expression after the maximal peak was due to inter-
nalization, degradation, or release of the protein to the medium, we
analyzed the expression of ADAM-8 on the cell surface after ac-
tivation of the neutrophils in the presence or absence of the hy-
droxamic acid-based metalloproteinase inhibitor, KD-IX-73-4. As
shown in Fig. 4B, the presence of KD-IX-73-4 prevented the tem-
perature-induced loss of ADAM-8 cell surface expression. Similar
results with the inhibitor were obtained when neutrophils were
stimulated with TNF-�, indicating that the observed decrease of
ADAM-8 expression at the plasma membrane after TNF-� acti-
vation was due to the shedding of the ADAM-8 ectodomain by
a metalloproteinase. Under the same conditions, it was previ-
ously shown that KD-IX-73-4 also prevented the shedding of
L-selectin (29). The loss of cell surface expression of ADAM-8
during neutrophil activation with TNF-� or PMA was accom-
panied by an increased release of ADAM-8 immunoreactivity in
the culture supernatant in a time-dependent manner. This re-
lease was also prevented by pretreatment of cells with KD-IX-

73-4 (Fig. 4C), further confirming a metalloproteinase-depen-
dent release of ADAM-8 from the plasma membrane. In control
experiments, ultracentrifugation of these supernatants fails to
deplete sADAM-8 immunoreactive (data not shown), indicating
that ADAM-8 was shed by a proteolytic mechanism rather than
in membrane vesicles.

To analyze whether the surface expression of ADAM-8 might
be modulated by intercellular interactions, an event that occurs
early in the inflammatory response (1, 2), we studied the vari-
ation of cell surface expression of ADAM-8 in neutrophils
attached to TNF-�-activated human endothelial cells isolated
from umbilical cords (HUVEC). This assay showed that
ADAM-8 membrane expression was up-regulated in neutro-
phils that were in close contact with endothelial cells, as com-
pared with cells that had not established physical interaction
with the activated endothelium (Fig. 4D). Similar results were
obtained when neutrophils interacted with nonactivated HUVEC
(data not shown).

FIGURE 7. L-selectin expression is down-regulated
by the soluble form of ADAM-8 in mammary cells. A,
Flow cytometry analysis of L-selectin and CD11b sur-
face expression in human neutrophils from peripheral
blood. Cells were incubated in the presence of 40 �g/ml
activated or nonactivated sADAM-8 for 30 min at 37°C,
as described in Materials and Methods. The dotted his-
tograms represent the negative control (isotype control),
shaded histograms represent the L-selectin and CD11b
expression in the presence of inactive sADAM-8. Un-
shaded histograms represent the L-selectin and CD11b
expression of neutrophils incubated in the presence of
active sADAM-8. A representative experiment of four
is shown. Bars graph shows the MFI of L-selectin sur-
face expression in neutrophils incubated with the active
and inactive form of sADAM-8. Data represent the
mean � SD of four independent experiments. B, Flow
cytometry analysis of L-selectin surface expression in
an ADAM-17-deficient cell line. DRM (�/�) cells were
incubated for 3 h at 37°C in the presence of 40 �g/ml
either active or inactive sADAM-8, as described in Ma-
terials and Methods. The dotted histogram represents
the negative control (isotype control); the shaded histo-
gram represents the basal L-selectin expression. The un-
shaded histogram represents the L-selectin expression
of cells incubated in the presence of active sADAM-8.
Bar graph shows the MFI of L-selectin surface expres-
sion in DRM�/� cells incubated with the active and
inactive form of sADAM-8. Data represent the mean �
SD of four independent experiments. �, p � 0.05 by
Wilcoxon signed rank test.
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ADAM-8 is up-regulated in neutrophils during the in vivo
inflammatory response

Our results in this study show that in vitro activation of neutrophils
by proinflammatory cytokines, phorbol esters, or by adhesion to
HUVECs induced a rapid translocation of ADAM-8 from granules
to the cell membrane, followed by its shedding by a metallopro-
teinase-dependent mechanism. To determine whether ADAM-8
could be regulated in a similar way during inflammatory response
in vivo, we studied neutrophils simultaneously isolated from the
synovial fluid and peripheral blood of patients with RA, a disease
characterized by the chronic inflammation of joints. Neutrophils
found in the synovial fluid expressed a higher amount of cell sur-
face ADAM-8 than those isolated from peripheral blood (Fig. 5A).
When these cells were further incubated at 37°C, the concentration
of ADAM-8 detected by ELISA in the supernatant of neutrophils
isolated from synovial fluid was higher than that from peripheral
blood neutrophils (Fig. 5B). Neutrophils isolated from both com-
partments maintained the capability to up-regulate ADAM-8 shed-
ding, as measured by an increase in the concentration of sADAM-8
upon TNF-� treatment (Fig. 5B). Analysis of the joint effusion
from knees of five RA and five osteoarthritis patients showed that
the synovial fluid from arthritis patients contained a concentration
of sADAM-8 that was 6-fold higher than that observed from os-
teoarthritic knees (Fig. 5C). When the synovial fluid concentration
of sADAM-8 was plotted vs the leukocyte count from the knee
effusions from these patients, we found a highly significant direct
correlation between the increment in sADAM-8 concentration
and the cell count (correlation coefficient r � 0.87, p � 0.01)
(inset Fig. 5C).

ADAM-8 mediates L-selectin shedding

After neutrophil activation, L-selectin is shed from the cell mem-
brane, facilitating neutrophil extravasation from the bloodstream
(6). Because ADAM-8 increase and L-selectin decrease were con-
current events on neutrophil cell membrane (Fig. 4B), we hypoth-
esized that the ectodomain of L-selectin could be proteolytically
cleaved, at least in part by ADAM-8 during neutrophil activation.
To test this possibility, HEK293 cells were cotransfected with an
expression vector encoding human wild-type L-selectin cDNA and
with expression vectors bearing either the full-length (ADAM-8)
or catalytically inactive (H604A, H608A) ADAM-8 (ADAM-
8mut) cDNAs (19). An increase in the amount of sL-selectin was
observed in the supernatant of cells cotransfected with L-selectin
and ADAM-8 (Fig. 6A) when compared with cells cotransfected
with L-selectin and ADAM-8mut or with cells transfected with
L-selectin expression vector alone. The increment in sL-selectin
concentration in the supernatant of cells expressing ADAM-8 was
prevented by the metalloproteinase inhibitor KD-IX-73-4. Western
blot analysis showed an equivalent amount of L-selectin in
HEK293 cells transfected either with the wild-type or mutant
ADAM-8 (Fig. 6A). When CEM cells, a lymphoblastic cell line
that constitutively expresses L-selectin, were transfected with the
ADAM-8 full-length, the amount of sL-selectin present in the cell-
free supernatant was again increased respect to cells transfected
with both the empty vector (pcDNA3) and the ADAM-8 catalyt-
ically inactive form. The presence of KD-IX-73-4 inhibitor pre-
vented the increased shedding of L-selectin in ADAM-8 full-
length transfected cells (Fig. 6B). The L-selectin surface
expression level in CEM cells was clearly reduced when ADAM-8
full length, but not ADAM-8mut, were expressed at comparable
levels on the cell surface (Fig. 6C).

The sADAM-8 has shown to be able to convert a number of
membrane bound molecules into soluble forms (19, 20). To show

cleavage of endogenous L-selectin by sADAM-8, human neutro-
phils were incubated for 20 min at 37°C in the presence of active
or inactive form of sADAM-8. Active sADAM-8 caused a signif-
icant reduction in the cell surface expression of L-selectin, without
up-regulation of CD11b in neutrophils (Fig. 7A).

The shedding of L-selectin is the result of its proteolytic cleav-
age conducted, at least in certain cell types and under certain con-
ditions, by ADAM-17 (40). To ascertain the potential role of
ADAM-17 in the down-regulatory activity of sADAM-8 on L-
selectin, we assayed the effect of active sADAM-8 on DRM�/�

cells, an ADAM-17-deficient mouse monocytic cell line that ex-
press human L-selectin. When this cell line was culture for 3 h at
37°C in the presence of active sADAM-8, an important reduction
on the cell surface expression of L-selectin was observed. This
effect on L-selectin surface expression was not observed in
DRM�/� cell line with the inactive form of sADAM-8 (Fig. 7B).

Taken together, all these data suggest that both the membrane-
bound and soluble forms of ADAM-8 are able to cleave the
ectodomain of L-selectin. The release of L-selectin by ADAM-8
requires the integrity of its catalytic domain, the presence of pro-
teolytically active form and it is independent of the presence
of TACE.

Discussion
In this work, we describe the expression, localization, and regula-
tion of ADAM-8 in neutrophils and its ability to shed L-selectin
from the cell membrane. We show that: 1) ADAM8 is constitu-
tively present in the membrane of all type of granules, in vesicles,
and on cell surface of human neutrophils; 2) upon neutrophil ac-
tivation, ADAM-8 is mobilized to the cell surface and rapidly shed
to the extracellular milieu both in vitro and in vivo, by a metallo-
proteinase-dependent mechanism; 3) the expression of ADAM-8
on neutrophils is increased in inflammatory foci in vivo and levels
of soluble ADAM-8 are proportional to the number of inflamma-
tory cells; and 4) the presence of membrane-anchored and soluble
active form of ADAM-8 is associated with an increase in the shed-
ding of L-selectin in mammary cells. These findings suggest that
ADAM-8 plays a key role in neutrophil function in innate
immunity.

In human neutrophils, ADAM-8 is mainly present in tertiary and
specific granules as well as in secretory vesicles, with secondary
locations in both plasma membrane and azurophilic granules. This
is the first description of a protein of the ADAM family in the
secretory compartments of neutrophils and suggests that the met-
alloproteinase composition of these subcellular structures is more
complex than expected, now including members of the ADAM
family in addition to the previously described metalloproteinases
such as matrix metalloproteinase (MMP)-8, MMP-9, and mem-
brane type 6-MMP (41). This major presence of ADAM-8 in sub-
cellular organelles that are readily mobilized to the plasma mem-
brane, thus exposing this protein at the cell surface, could be a
regulatory mechanism for the activity of ADAM-8 in neutrophils.
The currently described substrates for ADAM-8 are located on the
plasma membrane (19, 20) and thereby they can be only efficiently
cleaved when degranulation of tertiary and specific granules, in
response to proinflammatory stimuli, provides a sufficient amount
of ADAM-8 on the plasma membrane. ADAM-8 was present in
azurophilic granules, containing a large amount of proteolytic and
microbicidal enzymes, that are sluggishly mobilized after cell ac-
tivation and that are mainly directed to fuse with the phagosome
during phagocytosis (3, 4). In this regard, we also found ADAM-8
in phagolysosomes of human neutrophils after phagocytosis of la-
tex beads. The potential role that this metalloproteinase might play
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in the process of phagocytosis and killing of microorganisms by
neutrophils remains to be investigated.

The observed decrease of ADAM-8 on the cell membrane late
after cell activation, and the presence of the enzyme in the cell
supernatant, suggests secretion of the enzyme, rendering its solu-
ble active form (18, 42). The release of ADAM-8, but not its mo-
bilization to the cell membrane, was inhibited by the metallopro-
teinase inhibitor KD-IX-73-4, indicating that ADAM-8 was first
mobilized to the cell membrane, and then processed by proteolysis
and released to the milieu, in contrast with other granule metallo-
proteinases that are readily secreted during neutrophil activation
(41). Although the metalloproteinase responsible for ADAM-8
processing is unknown, an autocatalytic capability has been de-
scribed for this enzyme (13), suggesting that ADAM-8 could me-
diate its own secretion. The observation of ADAM-8 doublets in
this work could fit with this view.

Neutrophils participate in innate immunity and tissue damage by
releasing several catalytic enzymes and antimicrobial polypeptides
from their intracellular granules (3). The activity of ADAM family
members as major ectodomain sheddases of cell surface proteins,
its implication in the cleavage of extracellular matrix components
(11), in addition to functional activity described for sADAM-8 (18,
42) suggest that this metalloproteinase might play a role in the
pathologic inflammatory response. ADAM-8 cell surface expres-
sion was up-regulated by the physical interaction of neutrophils
with endothelial cells. This fact could suggest a regulatory role for
this metalloproteinase in the initial phase of the adhesion cascade
through the shedding of surface molecules that participate in the
early neutrophil-endothelium interaction during the inflammatory
response. In this context, neutrophils isolated from the synovial
fluid of patients with active RA expressed and released a higher
amount of ADAM-8 than neutrophils from peripheral blood. In
addition, sADAM-8 concentration found in synovial fluid from
patients with joint effusions was proportional to the degree of joint
inflammation, which suggests that both the mobilization of
ADAM-8 to the cell surface and its secretion might be induced by
the migration and recruitment of neutrophils into the inflammatory
foci. Because it has been described that other granule metallopro-
teinases play a role in extracellular matrix degradation (43), it is
conceivable that the high expression of ADAM-8 in inflamed
joints of patients with RA might contribute to the progress of joint
degradation. This idea is supported both by the role that sADAM-8
has shown in the formation of OCL (18), cells involved in bone
resorption, and by the fact that ADAM-8 is overexpressed in tis-
sues around aseptically loosened bone implants (44). Thus, neu-
trophil expression and release of ADAM-8 might play a role in the
development of tissue damage in chronic inflammatory diseases
like RA, either by facilitating transendothelial neutrophil migration
during the inflammatory response, and/or via a direct effect on
extracellular matrix degradation of joint tissue.

L-selectin mediates rolling of leukocytes over the activated en-
dothelium before firm adhesion. Although shedding of the L-se-
lectin ectodomain is not essential for leukocyte recruitment, it does
play a role in transendothelial extravasation (7). We have previ-
ously described that nonsteroidal anti-inflammatory drugs can in-
duce the shedding of L-selectin, at least in part through the
ADAM-17 (29). This member of the ADAM family cleaves a pep-
tide corresponding to TNF-�, its best-characterized substrate,
2250-fold more efficiently than it cleaves peptides corresponding
to L-selectin (40). This, and the fact that ADAM-17-deficient cells
are able to release L-selectin from cell surface (9), suggest that
ADAM-17 is not the main physiologic regulator of the rapid L-
selectin shedding that happens in activated neutrophils (45), and
that a metalloprotease activity other than ADAM-17 can mediate

the cleavage of L-selectin. In this work, we show that the presence
of ADAM-8 in the cell surface is associated with L-selectin shed-
ding. This process was dependent on the catalytic activity of the
enzyme, rather than the result of signaling cascades triggered
through its disintegrin domain, because a mutation in the catalytic
domain or the action of the metalloproteinase inhibitor KD-IX-
73-4 abolished L-selectin release. In addition, the soluble form of
ADAM-8 is also capable to induce the shedding of L-selectin in
neutrophils without causing any significant effect on CD11b basal
expression on neutrophils, indicating that this effect is not due to
nonspecific cell activation (39). ADAM-17 and ADAM-8 have
different cellular distribution and their expressions are regulated
differently by neutrophil activation stimuli. ADAM-17 is consti-
tutively expressed on the cell membrane of neutrophils, whereas
ADAM-8 is localized both on the cell membrane and on the se-
cretory granules. PMA induces a decrease in cell surface
ADAM-17 by internalization, without producing the soluble form
(46). On the contrary, PMA induces translocation of ADAM-8 to
the cell membrane from the neutrophil granules and subsequent
release of an active form of the enzyme. ADAM-17 and ADAM-8
have distinct substrate targets. TNF-�, the main substrate of
ADAM-17, is not cleaved by ADAM-8, which is also unable to
cleave other proinflammatory molecules like IL-1� or IL-6 (18). In
contrast, CD23 and CHL1 are processed by ADAM-8 but not by
ADAM-17 (19, 20). These results suggest that the shedding of
L-selectin by ADAM-8 and ADAM-17 may take place in different
pathological and physiological processes and may be regulated by
different signals. In this regard, our results with an ADAM-17-
deficient cell line indicate that the L-selectin shedding induced by
ADAM-8, at least in its soluble form, is independent of ADAM-17
activity. We propose that, after recruitment, neutrophils are acti-
vated in contact with the endothelium and ADAM-8 is mobilized
to the cell membrane, where it participates in the cleavage of L-
selectin, facilitating neutrophil extravasation. In addition, it has
been shown that soluble L-selectin decreases neutrophil migration
(47, 48). Thus, ADAM-8-mediated L-selectin shedding could
modulate the recruitment of additional leukocytes, acting as a neg-
ative feedback regulator.

In summary, we provide the first evidence of the localization,
regulation, and function of ADAM-8 in neutrophils. Our results
demonstrate that ADAM-8 forms part of the neutrophil proteolytic
arsenal and that this metalloproteinase is involved in the shedding
of L-selectin. Therefore, ADAM-8 might represent a target in the
development of new anti-inflammatory therapies.
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