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A proteolytically truncated form of free CD18, the common chain of
leukocyte integrins, as a novel marker of activated myeloid cells
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An unusual CD18 monoclonal antibody
(mAb) MEM-148 binds, in contrast to stan-
dard CD18 mAbs, specifically to periph-
eral blood monocytes and neutrophils
activated by various stimuli such as phor-
bol myristate acetate, opsonized zymo-
san, heat-aggregated immunoglobulin,
and (after priming with lipopolysaccha-
ride, tumor necrosis factor, or granulo-
cyte-macrophage colony-stimulating fac-
tor) also by formyl-methionyl-leucyl-
phenylalanine. In addition, in vivo
activated neutrophils obtained from urine

of patients following recent prostatec-
tomy were also strongly positive for MEM-
148. On the activated myeloid cells the
mAb recognized a 65- to 70-kd protein
identified immunochemically and by mass
spectrometric peptide sequencing as a
membrane-anchored fragment of CD18
(the common chain of leukocyte inte-
grins) produced by proteolytic cleavage.
The CD18 fragment originated mainly from
integrin molecules stored intracellularly
in resting cells, it was unassociated with
CD11 chains, and its formation was inhib-

ited by several types of protease inhibi-
tors. Thus, the 65- to 70-kd CD18 frag-
ment represents a novel abundant
activation marker of myeloid cells of so
far unknown function but possibly in-
volved in conformational changes in leu-
kocyte integrin molecules resulting in in-
creased affinity to their ligands. (Blood.
2001;98:1561-1566)
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Introduction

Activation of myeloid cells by various physiologic and experimen-
tal stimuli is accompanied by multiple surface changes connected
mainly to degranulation (externalization and thus enhanced surface
expression of several membrane proteins stored in cytoplasmic
granules), proteolytic shedding, and internalization of distinct sets
of molecules. Thus, activated blood myeloid cells typically up-
regulate surface expression of complement receptor type 3 (CR3;
CD11b/CD18), alkaline phosphatase, or chemotactic receptors1

and down-modulate surface density of lipopolysaccharide (LPS)
receptor CD14, adhesion receptors CD44 and CD62L, or antiadhe-
sion sialoglycoprotein CD43.2

Leukocyte integrins are major adhesion molecules of white
blood cells. They are noncovalent transmembrane heterodimers
composed of the commonb2 chain (CD18; 95 kd) and one ofa
chains,aL (CD11a; 180 kd),aM (CD11b; 170 kd),aX (CD11c; 150
kd), or aD (CD11d; 150 kd). Leukocyte (b2) integrins display a
remarkable redundancy of ligand binding. The CD11a/CD18
heterodimer called leukocyte function-associated antigen-1 (LFA-1)
is the major leukocyte adhesion receptor recognizing differentially
expressed membrane ligands ICAM-1 (CD54), ICAM-2 (CD102),
ICAM-3 (CD50), ICAM-4 (carrying Landsteiner-Wiener (LW)
blood group antigens), and ICAM-5 (telencephalin). CD11b/CD18
and CD11c/CD18 heterodimers are usually called complement
receptor type 3 (CR3) and type 4 (CR4), respectively, because they
bind iC3b fragments of complement, but they also recognize
ICAMs as well as a number of other ligands, such as extracellular
matrix proteins. (Leukocyte integrins and their ligands are re-
viewed elsewhere.3-6) Leukocyte integrins can exist in still poorly

characterized activated states based on increased affinity or avid-
ity.7-13The adhesiveness of integrin molecules is regulated from the
cell interior (inside-out signaling) via interactions through their
cytoplasmic tails involving allosteric and mobility changes. Ligand
binding is influenced also extracellularly by coordination of
distinct divalent cations and can result in triggering of intracellular
signals (outside-in signaling).

In this report we describe a novel activation marker abundantly
expressed on the surface of activated monocytes and neutro-
phils—a 65- to 70-kd proteolytic fragment of the commonb chain
of leukocyte (b2) integrins, CD18, as detected by a monoclonal
antibody (mAb) recognizing a unique CD18 epitope.

Materials and methods

Reagents and antibodies

If not stated otherwise, all reagents were purchased from Sigma (St Louis,
MO). CD18 mAbs MEM-48 (IgG1 [immunoglobulin G1]) and MEM-148
(IgG1) were obtained by standard techniques from mice immunized with
peripheral blood mononuclear cells and their CD18 specificity was
unambiguously determined in our laboratory.14,15 The CD18 specificity of
MEM-148 was confirmed during the 6th Human Leukocyte Differentiation
Antigen (HLDA) Workshop.16 The mAbs MEM-83 (IgG1; CD11a),
MEM-170 (IgG1; CD11b), MEM-135 (IgG1; HLA class I), and B2M-02
(IgG1; b2-microglobulin) were also produced and characterized in our
laboratory. The mAb LeuM5 (IgG2b; CD11c) was obtained within the 6th
HLDA Workshop and 6.7 (IgG1; CD18) was kindly provided by Dr A.
Bensussan (INSERM 448, Creteil, France).
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Cells

Fresh buffy coats (a mixture of peripheral blood leukocytes [PBLs]) in the
heparinized plasma and neutrophils isolated from urine of patients after
prostatectomy were used. Monocytes and neutrophils were separated by
Ficoll (Pharmacia, Uppsala, Sweden) gradient centrifugation and were
further purified based on adhesion to polystyrene Petri dishes (monocytes)
or osmotic lysis of erythrocytes (neutrophils); their purity was greater than
92% and 95%, respectively. Cells were treated for up to 2 hours at 37°C
with various activating and priming agents: phorbol myristate acetate
(PMA; 100 ng/mL), opsonized zymosan (OZ; 300mg/mL; opsonized with
50% human serum for 30 minutes at 37°C), heat-aggregated immunoglobu-
lin (HA-Ig; 100 mg/mL; prepared by heating 100 mg/mL human IgG for 2
hours at 63°C and purified by gel filtration on Superdex 200 HR 10/30
column; Pharmacia), LPS (100 ng/mL; Difco, Detroit, MI), tumor necrosis
factor (TNF; 20 ng/mL; R & D Systems, Minneapolis, MN), granulocyte-
macrophage colony-stimulating factor (GM-CSF; 100 ng/mL; Sandoz,
Basel, Switzerland), or formyl-methionyl-leucyl-phenylalanine (fMLP; 1
mg/mL). Before treatment with 1mg/mL fMLP the cells were primed with
LPS, TNF, or GM-CSF for 30 minutes at 37°C. In some experiments cells
were preincubated (10 minutes, 37°C) before the PMA treatment with
protease inhibitors: diisopropyl fluorophosphate (DFP; 5 mM), 4-(2-
aminoethyl)-benzenesulfonyl fluoride (AEBSF; 1 mM), 1,10-phenanthro-
line (Phen; 5 mM), iodoacetic acid (IAA; 2 mM), Na-p-tosyl-L-lysine
chloromethyl ketone (TLCK; 0.1 mM), N-tosyl-L-phenylalanine chloro-
methyl ketone (TPCK; 0.1 mM), aprotinin (10mg/mL), phenylmethylsulfo-
nylfluoride (PMSF; 0.8 mM), EDTA (5 mM), ethylene glycol-bis(b-
aminoethyl ether)-N,N,N9,N9-tetraacetic acid (5 mM; EGTA) or [(2S,3R)-3-
amino-2-hydroxy-4-phenylbutanoyl]-L-leucine (bestatin; 25mg/mL). Low
pH–treated cells were prepared by incubation (2 minutes on ice) in isotonic
citrate/phosphate buffer (pH 3.5) and immediate neutralization in Hanks
balanced salt solution (HBSS).

Flow cytometry

Cells were stained with mAbs (20mg/mL) for 30 minutes on ice and
washed in HBSS containing 0.2% gelatin and 0.1% NaN3 without Ca11

and Mg11 followed by fluorescein-labeled goat F(ab9)2 antimouse Ig
(Jackson Immunoresearch, West Grove, PA). Propidium iodide (PI; 0.1
mg/mL) and LDS-751 (0.2mg/mL; Exciton, Dayton, OH) were added prior
to measurement on a FACSort flow cytometer (Becton Dickinson, Moun-
tain View, CA) in a standard 3-color setup. At least 104 viable nucleated
cells (PI2, LDS-7511) were collected for each sample. Leukocyte popula-
tions were resolved on the basis of their scatter properties.

Immunoprecipitation, sodium dodecyl sulfate–polyacrylamide
gel electrophoresis, and Western blotting

Cells were surface biotinylated using biotinamidocaproic acid 3-sulfo-N-
hydoxysuccinimide ester and solubilized on ice in isotonic lysis buffer
containing 1% Nonidet P40 (NP40) detergent and standard mixture of
protease inhibitors; the supernatant was used directly for sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) and Western
blotting, immunoprecipitation (solid-phase immunoisolation technique), or
immunoaffinity chromatography. Immunoprecipitated biotinylated proteins
were detected on the blots by streptavidin-peroxidase conjugate and
luminographic visualization. The immunoaffinity columns were washed
with 10 volumes of the lysis buffer, the adsorbed proteins were eluted with
alkaline buffer (0.1 M glycine-NaOH, pH 11.5, containing 0.1% NP40), and
separated by nonreducing SDS-PAGE. Details of biochemical methods
were described previously.15 Densitometric evaluation of the zones on
Western blots has been performed on LAS-1000 (Fuji Photo Film,
Tokyo, Japan).

Native electrophoresis and 2-dimensional electrophoresis
(native versus SDS-PAGE)

Native non–SDS-PAGE (blue native electrophoresis, BNE) was performed
essentially as described elsewhere.17 Briefly, 5 3 106 cells were solubilized
in 200 mL of the native lysis buffer (1% n-dodecylb-D-maltoside, 5 mM

iodoacetamide and 1 mM 4-[2-aminoethyl]benzenesulfonyl fluoride in 750
mM aminocaproic acid, 50 mM Bis-tris, pH 7.0) and centrifuged for 3
minutes at 20 000g; Coomassie brilliant blue G was mixed with the
supernatant to yield the final concentration of 0.25%. The 5-mL samples
were run on water-cooled gradient gels (6%-15%). A strip of the gel
corresponding to single lane was equilibrated in the nonreducing sample
buffer for SDS-PAGE and used for second-dimension separation by
standard SDS-PAGE (7.5% gel). The separated proteins were then electro-
blotted onto polyvinylidene difluoride (PVDF) membrane and visualized by
immunoperoxidase staining. The molecular weight standards used for the
first-dimension separation (BNE) were monomers and oligomers (obtained
by chemical cross-linking) of bovine serum albumin or mouse IgG1 mAb.

Mass spectrometric analysis

The Coomassie brilliant blue–stained protein band was cut from the gel and
washed several times with 10 mM dithiotreitol (DTT) and 0.1 M 4-ethylmor-
pholine acetate (pH 8.1) in 50% acetonitrile. After complete destaining, the
gel was washed with water, shrunk by dehydration with acetonitrile, and
reswollen again in water. Next, the gel was partly dried using a SpeedVac
concentrator (Savant Instruments, Holbrook, NY) and then reconstituted
with cleavage buffer containing 0.01% 2-mercaptoethanol, 0.1 M 4-ethyl-
morpholine acetate, 10% acetonitrile, 1 mM CaCl2, and sequencing grade
trypsin (Promega, Madison, WI; 50 ng/mL). Digestion was carried out
overnight at 37°C; the resulting peptide mixture was extracted with 50%
acetonitrile/1% trifluoroacetic acid and separated on the C18 reverse-phase
column (0.33 150 mm; LC Packings, Amsterdam, The Netherlands) using
gradient elution (5% acetonitrile/0.5% acetic acid to 95% acetonitrile/0.4%
acetic acid). The column was linked to the nano-electrospray ionization
(ESI) interface of the mass spectrometer. Positive full scan and collision-
induced dissociation mass spectra were recorded on a LCQ DECA ion trap
mass spectrometer (Thermoquest, San Jose, CA) equipped with nano-ESI
ion source and interpreted manually. Spray voltage was held at 2.2 kV, tube
lens voltage was210 V. The heated capillary was kept at 150°C with a
voltage of 32 V. Full scan spectra were acquired over m/z range 300 to
2000 d. Collision energy was kept at 42 units and the activation time was 30
ms. Collisions were done from the first intense ion in the each chromato-
graphic peak; every 2 scans were accumulated.

Results

The MEM-148 mAb (either intact IgG or its Fab fragment) bound
only very weakly to resting PBLs, but the respective antigen was
up-regulated on monocytes and neutrophils activated by PMA, OZ,
HA-Ig, and (after priming with either LPS, TNF, or GM-CSF) also
by fMLP (Figure 1A and data not shown). The MEM-148 epitope
became clearly detectable after 15 minutes of treatment and
gradually increased during 2 hours (Figure 1B and data not shown).
Its appearance was closely paralleled by microscopically observ-
able firm aggregation of the myeloid cells or their adhesion to
serum-coated plastic, which is well known to be elicited by all
these treatments (not shown). Neutrophils obtained from urine of
prostatectomy patients were strongly positive for MEM-148 with-
out any treatment (Figure 1A); these cells were obviously naturally
activated as a consequence of local inflammation. Moreover, all
PBLs (including lymphocytes) became strongly positive for MEM-
148 after a brief exposure to acidic solutions, MEM-148 stained
78- to 96-kd zones corresponding to various forms of CD18 on
Western blots of nonreduced leukocyte detergent lysates, and
strongly reacted with CD18-transfected COS-7 cells.15 Thus,
MEM-148 obviously reacts with an epitope of CD18, which is
inaccessible in CD11/CD18 heterodimers present on resting leuko-
cytes but becomes exposed during dissociation of the heterodimers
by low pH or SDS and also as a result of a conformational change
caused by cell activation.
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Surprisingly, MEM-148 specifically immunoprecipitated a pro-
tein of 65- to 70-kd from detergent lysates of activated, surface
biotinylated PBLs. This protein was also immunoprecipitated (in
addition to the CD11/CD18 heterodimers) by standard CD18 mAbs
but not by mAbs to CD11a, CD11b, or CD11c (Figure 2A). This
zone was more prominent in the immunoprecipitates obtained from
the cells that were surface labeled after PMA activation rather than
before the activation, indicating that most of the 65- to 70-kd
protein (or its precursor) appeared on the cell surface only after the
activation. The kinetics of appearance of this molecule following
activation by PMA closely paralleled the increase of the MEM-148
positivity (Figures 1B and 2B). A protein of apparently identical
size and recognized not only by MEM-148 but also by at least some

other CD18 mAbs could be clearly detected (in addition to the
intact CD18 molecular species) by Western blotting in the lysates
of PBLs activated by various stimuli (Figure 2C) and in the lysates
of in vivo activated neutrophils isolated from urine of prostatecto-
mized patients (not shown). These results indicated that the 65- to
70-kd protein is a truncated form of CD18, apparently unassociated
with CD11 chains. Indeed, analysis by 2-dimensional electrophore-
sis (native BNE versus nonreducing SDS-PAGE) demonstrated
that the 65- to 70-kd CD18 form was not associated with either
CD11 chains or any other proteins (Figure 3A). To confirm that this
protein is actually a form of CD18 and not a different, cross-
reactive protein, detergent cell lysate of PMA-activated PBLs was
first precleared on a standard anti-CD18 immunosorbent and the
unbound fraction was subjected to SDS-PAGE and Western
blotting using MEM-148. As shown in Figure 3B, the 65- to 70-kd
protein was quantitatively adsorbed to the CD18 immunosorbent.
Finally, the protein was immunopurified from the lysate of
PMA-activated PBLs and analyzed by mass spectrometric peptide
mapping and sequencing; 4 CD18-derived peptides were unambigu-
ously identified by sequencing (Table 1). The results of this peptide
mapping suggest that the fragment comprises the major C-terminal
part of CD18 involving at least residues 345 to 733. However, it

Figure 2. The activation epitope recognized by MEM-148 is present on a 65- to
70-kd protein. (A) Immunoprecipitation from surface-biotinylated PBLs. The cells
were biotinylated either before or immediately after 2-hour PMA treatment; control
cells were biotinylated and left untreated. The cell lysates (1% NP40) were
immunoprecipitated by means of mAbs to the indicated molecules (MEM-148; 6.7,
CD18; MEM-83, CD11a; MEM-170, CD11b; LeuM5, CD11c; B2M-02, b2-microglobu-
lin) and the immunoprecipitates subjected to SDS-PAGE followed by Western blotting
using streptavidin-peroxidase to reveal biotinylated proteins. (B) Isolated neutrophils
or monocytes were activated with PMA as in Figure 1B or left untreated for 120
minutes (Control) and at the indicated time points (15-120 minutes) analyzed by
SDS-PAGE and immunoblotting using MEM-148 for detection (top panels); the
bottom panel shows quantitative densitometric evaluation (plotted for the respective
lanes as ratio of the signal from the 65- to 70-kd zone [closed arrowhead] versus the
upper 78- to 96-kd CD18 zone [open arrowhead]). (C) Western blotting analysis of
PBLs after various activating treatments. PBLs were activated using the indicated
stimuli for 2 hours (for the different activation protocols see “Materials and methods”).
The blot was immunoperoxidase-stained with the standard CD18 mAb MEM-48; a
very similar, albeit weaker, staining pattern was obtained also with MEM-148 (not
shown). Open and closed arrowheads in all parts of the Figure 2 indicate the zones
corresponding to the uncleaved CD18 species (78-96 kd) and the 65- to 70-kd
fragment, respectively.

Figure 1. Activation of monocytes and neutrophils is accompanied by expres-
sion of a unique CD18 epitope recognized by mAb MEM-148. (A) PBLs were left
either untreated or treated with PMA or HA-Ig for 2 hours, stained by MEM-148, and
analyzed by flow cytometry. As controls, an irrelevant IgG1 mAb (Control) and a
standard CD18 mAb MEM-48 (CD18) were used. The results are expressed as
standard side scatter (y-axis) versus logarithmic fluorescence intensity (x-axis)
contour plots. The gates corresponding to neutrophils (N), monocytes (M), and
lymphocytes (L) are shown in the first plot (top, left). The bottom panel shows staining
of untreated neutrophils isolated from urine of a patient following prostatectomy. (B)
Purified monocytes and neutrophils were activated with PMA and at different time
points stained with MEM-148 or standard CD18 mAb (MEM-48). Results from 3
experiments are represented as mean fluorescence intensity (MFI) 6 SD values
(arbitrary units) calculated from geometric means of fluorescence intensity after
subtraction of irrelevant isotype control.
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is not clear at this moment where exactly is the N-terminus of
the fragment.

Expression of the MEM-148 epitope on the surface of activated
myeloid cells, as well as the appearance of the 65- to 70-kd CD18
form, were markedly suppressed by several types of protease
inhibitors (Figure 4). It should be noted that under the conditions
used, degranulation induced by the activation stimuli was essen-
tially unaffected by the inhibitors as judged by typical increased
expression of leukocyte integrins (Figure 4A). Interestingly, inhibi-
tors of serine proteases (DFP, AEBSF), cysteine proteases (IAA),
and metalloproteases (Phen) exhibited partial inhibitory effects
(see “Discussion”). Notably, serine protease inhibitors DFP and
AEBSF were only very slightly inhibitory on monocytes as
compared to neutrophils. The 65- to 70-kd fragment of CD18 could
not be removed from the cell surface by acid washing (Figure 4B,
last lane) indicating that it possesses the transmembrane segment
anchoring it firmly to the cell surface. This conclusion is strongly
supported also by the fact that it contains a peptide (723-733)
originating from the cytoplasmic domain (Table 1).

Taken together, our data show that activation of peripheral
blood monocytes and neutrophils is accompanied by formation of
large amounts of a 65- to 70-kd proteolytic transmembrane
fragment of CD18 unassociated with other proteins.

Discussion

Adhesion of blood myeloid cells to endothelia of blood vessels in
sites of inflammation and their subsequent transmigration into the

tissue is accompanied by major reorganization of their surface—
rapid up-regulation of numerous receptors and adhesion molecules
and parallel down-regulation of other surface molecules. This
process is based mainly on (1) externalization of molecules stored
in the resting cells in the membranes of several types of cytoplas-
mic vesicles (granules), (2) endocytosis (internalization) of other
cell surface molecules, and (3) proteolytic cleavage of specific
surface proteins resulting in their removal (shedding) or structural
and functional modifications.1,2 Extensive proteolytic activity of
leukocytes is also directed toward endothelia and extracellular
matrix in inflamed sites.18,19Theb2-integrins are crucial players in
the later steps of leukocyte firm adhesion and spreading on the
endothelia and also in the following transmigration process.3,5,20-22

These adhesion molecules are strongly up-regulated on the surface
of activated leukocytes and converted into so far poorly character-
ized high-affinity molecular conformations23-25 or aggregated into
high-avidity clusters.13

In this study, we show that CD18, a common chain of

Figure 3. The 65- to 70-kd molecule is a free fragment of CD18 unassociated
with CD11 chains. (A) PMA-activated PBLs were lysed in 1% n-dodecyl b-D-
maltoside and subjected to BNE followed by the second-dimension SDS-PAGE,
electroblotting, and immunoperoxidase detection with a standard CD18 mAb MEM-
48. The numbered spots correspond to (1) CD18 molecules present in the noncova-
lent integrin heterodimers, (2) free intracellular precursor forms of CD18 described
earlier,15 and (3) free 65- to 70-kd CD18 fragment. It should be noted that under the
conditions of BNE the noncovalent integrin heterodimeric complexes are preserved.
Positions of molecular weight standards in both dimensions are indicated. (B)
Detergent lysates of PMA-activated PBLs were passed through immunosorbents
based on immobilized mAbs to the indicated antigens: CD18 (MEM-48), MEM-148,
MHC class I (MEM-135; negative control), and the unbound fractions or whole cell
lysate (None) were subjected to SDS-PAGE and Western blotting using MEM-148;
only the relevant 50- to 80-kd region of the blot is shown.

Table 1. Peptides identified in the 65- to 70-kd fragment by mass
spectrometric sequencing

Position in CD18 polypeptide chain Sequence*

345-357 VFLDHNALPDTLK

612-619 FEKGPFGK

663-671 YLIYVDESR

723-733 SQWNNDNPLFK

*Single-letter amino acid codes.

Figure 4. Expression of the activation-induced CD18 fragment is suppressed
by protease inhibitors. (A) PBLs (as shown in Figure 1) were first preincubated with
the indicated protease inhibitors, then activated with PMA, stained with MEM-148 or
standard CD18 mAb (MEM-48), and analyzed by flow cytometry. Results from 3
experiments are represented as MFI 6 SD values (arbitrary units) calculated from
geometric means of fluorescence intensity for gated neutrophils and monocytes after
subtraction of irrelevant isotype control. Other protease inhibitors tested (TLCK,
TPCK, aprotinin, PMSF, bestatin, EDTA, or EGTA) showed less than 10% inhibition
as detected by flow cytometry; actually, further increase of the MEM-148 epitope was
observed when the PMA treatment was performed in the presence of 5 mM EDTA or
EGTA (not shown). (B) Detergent lysates of the cells treated with the indicated
protease inhibitors and PMA (as in panel A) were analyzed by SDS-PAGE and
immunoblotting (staining with CD18 mAb MEM-48). The last lane shows PBLs
treated with PMA for 2 hours and then exposed for 2 minutes at 0°C to pH 3.5 to wash
away any noncovalently associated and nonmembrane-anchored protein fragments.
Control low pH sensitive protein b2-microglobulin was fully dissociated from the cell
surface under these experimental conditions (not shown). Open and closed arrow-
heads indicate the zones corresponding to the uncleaved CD18 and the fragment,
respectively.
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b2-integrins, is proteolytically cleaved on the surface of activated
myeloid cells. The resulting free 65- to 70-kd fragment of CD18 is
expressed apparently as a free molecule unassociated with CD11
chains or other molecules and represents a novel abundant activa-
tion marker of myeloid cells. This fragment is most likely produced
by proteases released from secretory granules of the activated cells
or by activated membrane-associated proteases1,2,18,19,26and comes
predominantly from integrin molecules stored intracellularly in
resting cells (ie, from intracellular mature heterodimers or perhaps
also from unassociated intracellular CD18 chains demonstrated
recently by us15). Our somewhat surprising finding that inhibitors
of several protease classes (serine-, cysteine-, and metallopro-
teases) block the production of this fragment can be plausibly
explained by possible dependence of this process on a cascade of
consecutively activated proteases analogous to similar previously
described cases.18,27-31 Another possibility is that several close
cleavage sites may exist in the CD18 molecule, which are used by
different proteases. This would be in agreement with the observa-
tion that the 65- to 70-kd fragment migrates as a relatively broad
zone on SDS-PAGE, indicating a size heterogeneity. Actually,
members of 2 serine protease systems, namely uPAR (CD87)32 and
leukocyte elastase,33 have been shown to interact withb2-integrins
and modulate their adhesive capacity.33,34 In addition to the
protease inhibition, the effect of cysteine protease inhibitor might
reflect an alteration in extracellular cysteine-rich domain conforma-
tion to facilitate the protease access. It should be noted that
proteolytic cleavage of CD18 occurs in the presence of serum,
which is known to contain high concentrations of endogenous
protease inhibitors.18

Transmembrane fragments of CD18 produced by the activation-
induced proteolytic cleavage obviously loose their association with
CD11 chains and expose the epitope recognized by mAb MEM-
148, which is sterically blocked in the intact integrin het-
erodimers.15 It is not clear what happens to the respective CD11

chains during this process (we did not have suitable antibodies
reactive with free CD11 chains or their fragments). One speculative
but attractive possibility is that the proteolytic cleavage and
concomitant dissociation of the major CD18 fragment may uncover
ligand-binding sites in thea chains (CD11). Such free CD11 chains
(perhaps still associated with a putative small CD18 N-terminal
fragment containing I-like domain35) might represent an unconven-
tional form of a “high-affinity conformation” of theb2-integrin
molecules and thus contribute to the known activation-induced
homotypic aggregation. This would be in agreement with the
previously described relaxation of conformational constraints in
both cytoplasmic36 and extracellular cysteine-rich domains37 of
CD18 accompanying the transition into the activated state.

Actually, a proteolytic activation of plateletb3-integrins has
been already described.38 On the other hand, the observed cleavage
of CD18 may simply be a first step of a degradative process
down-regulating the amounts of functional cell surfaceb2-integrins
in the later phases of the adhesion process as described before.39

However, that process appears to exhibit a different cleavage site
specificity, kinetics, and sensitivity to protease inhibitors.39 It can
be even speculated that the proteolytic fragments of CD18 might
serve some unknown functions possibly quite unrelated to adhe-
sion; for example, proteolytic fragments of other adhesion mol-
ecules, CD62E and CD106, act as chemotactic factors for endothe-
lial cells and promote angiogenesis.40Finally, it would be interesting
to examine whether other activation-dependent anti-CD18 mAbs,
such as KIM127,41 CBRM1/19,42 and 240Q43 also recognize
specifically the CD18 fragment described here; unfortunately these
mAbs were not available to us in the present study.

Acknowledgment

We thank Dr A.Bensussan for providing us the 6.7 CD18 mAb.

References

1. Borregaard N, Cowland JB. Granules of the hu-
man neutrophilic polymorphonuclear leukocyte.
Blood. 1997;89:3503-3521.

2. Hooper NM, Karran EH, Turner AJ. Membrane
protein secretases. Biochem J. 1997;321:265-
279.

3. Springer TA. Traffic signals for lymphocyte recir-
culation and leukocyte emigration: the multistep
paradigm. Cell. 1994;76:301-314.

4. Gahmberg CG, Tolvanen M, Kotovuori P. Leuko-
cyte adhesion-structure and function of human
leukocyte b2-integrins and their cellular ligands.
Eur J Biochem. 1997;245:215-232.

5. Kishimoto TK, Baldwin ET, Anderson DC. The
role of b2 integrins in inflammation. In: Gallin JI,
Snyderman R, eds. Inflammation: Basic Prin-
ciples and Clinical Correlates. 3rd ed. Philadel-
phia: Lippincott Williams & Wilkins; 1999:537-
568.

6. Harris ES, McIntyre TM, Prescott SM, Zimmer-
man GA. The leukocyte integrins. J Biol Chem.
2000;275:23409-23412.

7. Stewart M, Hogg N. Regulation of leukocyte inte-
grin function: affinity vs. avidity. J Cell Biochem.
1996;61:554-561.

8. Bazzoni G, Hemler ME. Are changes in integrin
affinity and conformation overemphasized?
Trends Biochem Sci. 1998;23:30-34.

9. Binnerts ME, van Kooyk Y. How LFA-1 binds to
different ligands. Immunol Today. 1999;20:240-
245.

10. Humphries MJ. Integrin cell adhesion receptors

and the concept of agonism. Trends Pharmacol
Sci. 2000;21:29-32.

11. Plow EF, Haas TA, Zhang L, Loftus J, Smith JW.
Ligand binding to integrins. J Biol Chem. 2000;
275:21785-21788.

12. Leitinger B, Hogg N. From crystal clear ligand
binding to designer I domains. Nat Struct Biol.
2000;7:614-616.

13. van Kooyk Y, Figdor CG. Avidity regulation of inte-
grins: the driving force in leukocyte adhesion.
Curr Opin Cell Biol. 2000;12:542-547.
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17. Schägger H, von Jagow G. Blue native electro-
phoresis for isolation of membrane protein com-
plexes in enzymatically active form. Anal Bio-
chem. 1991;199:223-231.

18. Owen CA, Campbell EJ. The cell biology of leu-
kocyte-mediated proteolysis. J Leukoc Biol. 1999;
65:137-150.

19. Vaday GG, Lider O. Extracellular matrix moieties,

cytokines, and enzymes: dynamic effects on im-
mune cell behavior and inflammation. J Leukoc
Biol. 2000;67:149-159.

20. Dunon D, Piali L, Imhof BA. To stick or not to
stick: the new leukocyte homing paradigm. Curr
Opin Cell Biol. 1996;8:714-723.

21. Scharffetter-Kochanek K, Lu H, Norman K, et al.
Spontaneous skin ulceration and defective T cell
function in CD18 null mice. J Exp Med. 1998;188:
119-131.

22. Forlow SB, White EJ, Barlow SC, et al. Severe
inflammatory defect and reduced viability in CD18
and E-selectin double-mutant mice. J Clin Invest.
2000;106:1457-1466.

23. Oxvig C, Lu C, Springer TA. Conformational
changes in tertiary structure near the ligand bind-
ing site of an integrin I domain. Proc Natl Acad
Sci U S A. 1999;96:2215-2220.

24. Shimaoka M, Shifman JM, Jing H, Takagi J, Mayo
SL, Springer TA. Computational design of an inte-
grin I domain stabilized in the open high affinity
conformation. Nat Struct Biol. 2000;7:674-678.

25. Xiong JP, Li R, Essafi M, Stehle T, Arnaout MA.
An isoleucine-based allosteric switch controls
affinity and shape shifting in integrin CD11b
A-domain. J Biol Chem. 2000;275:38762-38767.

26. Blobel CP. Remarkable roles of proteolysis on
and beyond the cell surface. Curr Opin Cell Biol.
2000;12:606-612.

27. Ugwu F, Van Hoef B, Bini A, Collen D, Lijnen HR.
Proteolytic cleavage of urokinase-type plasmino-
gen activator by stromelysin-1 (MMP-3). Bio-
chemistry. 1998;37:7231-7236.

TRUNCATED FORM OF FREE CD18 1565BLOOD, 1 SEPTEMBER 2001 z VOLUME 98, NUMBER 5



28. Murphy G, Gavrilovic J. Proteolysis and cell mi-
gration: creating a path? Curr Opin Cell Biol.
1999;11:614-621.

29. Heymans S, Luttun A, Nuyens D, et al. Inhibition
of plasminogen activators or matrix metallopro-
teinases prevents cardiac rupture but impairs
therapeutic angiogenesis and causes cardiac fail-
ure. Nat Med. 1999;5:1135-1142.

30. Yana I, Weiss SJ. Regulation of membrane
type-1 matrix metalloproteinase activation by pro-
protein convertases. Mol Biol Cell. 2000;11:2387-
2401.

31. Raza SL, Nehring LC, Shapiro SD, Cornelius LA.
Proteinase-activated receptor-1 regulation of
macrophage elastase (MMP-12) secretion by
serine proteinases. J Biol Chem. 2000;275:
41243-41250.
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