
olymorphonuclear leukocytes (PMN, neutrophils)
neutrophils  constitute the main branch of the

innate immune system. In response to inflammatory
stimuli, the cells respond by adhering to, and
transmigrating across, the endothelium and diapedesis
across the extracellular matrix to arrive at the area
of inflammation, where they are involved in the
phagocytosis and killing of pathogens. These
different stages of PMN function are controlled by a
number of adhesion receptors interacting with
corresponding ligands on the endothelium and the
extracellular matrix.1,2  CD11b/CD18, also known as
Mac-1, Mo1 and CR3, is a member of the ß2
integrin family of adhesion receptors that play a
major role in PMN physiology. CD11b/CD18 is a
heterodimer consisting of an αm chain (CD11b) and
a ß2 chain (CD18) that is shared with other ß2
integrins.  The other 2 members of this family are
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ABSTRACT

the αL/ß2 (CD11a/CD18, leukocyte adhesion
function-1 [LAF-1])  and the αx/β2 [CD11c/CD18,
p150,95]).2,3  In resting PMN, CD11b/CD18 is
found stored intracellularly in 3 distinct granules,
namely, the secretory vesicles, specific and
gelatinase granules.4,5  Upon PMN activation, the
molecule is translocated to the cell surface where it
mediates some PMN function including adhesion,
migration and phagocytosis.4,7 In vivo, CD11b/
CD18 interacts with the intercellular adhesion
molecule-1 (ICAM-1) on the surface of the endo-
thelium, and mediates PMN adhesion to, and
transmigration across, the endothelium. In addition,
CD11b/CD18 interacts with extracellular components
and mediates PMN diapedesis across the interstitium to
areas of inflammation, where the molecule interacts
with iC3b-opsonised pathogens and facilitates their
phagocytosis by PMN.4 The importance of CD11b/
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Objective: To investigate the mechanism of CD11b
down-regulation in phorbol myristate acetate (PMA)
stimulated polymorphonuclear leukocytes (PMN).

Methods: Purified PMN were stimulated with PMA in
the presence, or absence, of various enzyme inhibitors.
Following stimulation, PMN CD11b expression was
examined by flow cytometry and Western-blotting.  The
entire work was carried out at Liverpool University
between the period of 1998 and 2001. 

Results: Stimulation of PMN with PMA induced the
down-regulation of CD11b by a mechanism involving a
combination of an oxidant and a serine protease; most
likely the primary granule derived elastase.

Conclusion: The present study shows for the first time
the cooperation of both oxidants and enzymes in the
down-regulation of PMN adhesion receptors.
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serum albumin (BSA), 0.1% azide, pH 7.3 (PBA),
then incubated with a primary mAb at saturating
concentrations for 30 minutes at 40C. Cells were
washed twice with PBA prior to incubation with
FITC-conjugated anti-mouse IgG for 20 minutes at
40C in the dark. Polymorphonuclear leukocytes
neutrophils were then washed twice, resuspended in
PBA and fluorescence measured using a FACScan
(Becton Dickinson). 

Polymorphonuclear leukocyte viability before
and after stimulation with PMA was determined by
trypan blue exclusion and by FACS analysis of cells
stained with propidium iodide (PI)13 (dead cells
become permeable to PI and bright red). Cell
viability was routinely >98%.  For
immunoprecipitation stimulated, or unstimulated,
PMN suspensions were either lysed with equal
volumes of 2x NP 40 lysis buffer (10 mM Tris pH
7.4, 150 mM NaCl, 1% nonidet-40 (NP 40), PMSF
4 mM, leupeptin 1 µg/ml, aprotinin 200 units, or
centrifuged and the supernatants placed on ice and
the following inhibitors added: aprotinin, antipain,
chymostatin, leupeptin, pepstatin (all at a final
concentration of 5 µg/ml for 60 minutes). These
beads were then replaced by fresh washed beads, 5
mg/sample isotypic control antibody added and the
mixing continued for another 60 minutes.
Supernatants were harvested and incubated at 40C
overnight with CD11b mAb (5 µg/sample). The
Protein G Sepharose beads were then added for one
hour at 40C. Following incubation at 40C for 60
minutes, the cell lysates were centrifuged for 30
minutes at 15,000g at 40C. The immune complexes
bound to the beads were dissociated by boiling in
double strength sample buffer with, or without, 2-
mercaptoethanol for 5 minutes prior to
electrophoresis.

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was performed under
reducing or non-reducing conditions,14 using 5-15%
gradient gels. Following SDS-PAGE, proteins were
transferred to immobilon-P membranes using a
Trans-Blot electrophoretic transfer cell (Bio-Rad).
Membranes were blocked with 100 mM NaCl, 0.1%
Tween-20, 10 mM Tris, pH 7.5 (TBS.T) containing
5% (wt/vol.) nonfat dry milk for 1 hour at 370C and
then overlaid with 2LPM19c mAb at a
concentration of 2 µg/ml in TBS.T containing 1%
milk. After overnight shaking incubation at 40C, the
membrane was washed 3 times with TBS.T and
overlaid with horse-radish peroxidase-conjugated
antibody at a concentration of 0.2 µg/ml in TBS.T
containing 5% milk for 30 minutes at 370C. After 3
washes with TBS.T, mAb-labeled proteins were
detected using enhanced chemiluminescence reagent.

CD18 in PMN function is clearly evident from
patients with leukocyte adhesion deficiency (LAD)
syndrome, who suffers from recurrent life
threatening bacterial and fungal infections. In these
patients, PMN express little or no CD11b/CD18
and, therefore, are unable to adhere to the
endothelium and migrate to infected sites.8  Although,
there is a lot of accumulated data on the structure/
function of CD11b/CD18, very little exists on its
regulation. We have been interested in studying
leukocyte migration across tissues, and the control
of such processes.9-11  While working in this area, we
discovered that, following expression on the surface
of activated PMN, CD11b/CD18 was subsequently
down-regulated through proteolysis, with the resultant
loss of its functional activity.11  The present study,
investigates the mechanism of CD11b/CD18 down-
regulation and attempt to elucidate the responsible
enzyme. 

Methods. The following mAbs were used:-anti
CD11b, D-12 (IgG2a, Becton Dickinson [BD],
Oxford, UK), OKM-1 and 2LPM19c (IgG1;
Dakopatts Glostrup, Denmark); anti-CD44-2C5
IgG2a (R&D).  Mouse IgG1 and IgG2a were used
as isotypic controls. Second layer fluorescent goat
anti-mouse Ig (GAM-Ig-FITC; BD) was used.  The
following reagents were used: phosphate-buffered
saline (PBS); Hanks balanced salt solution (HBSS);
RPMI 1640 (Life Technologies, Paisley, UK) and
monopoly-resolving medium (ICN Biomedicals,
Thames, UK). The reagents purchased from Sigma
(Poole, UK) were Phorbol 12-Myristate 13-Acetate
(PMA); ethylenediaminetetraacetic acid (EDTA);
N-methoxy succinyl Ala-Ala-Pro-Val chloromethyl
ketone (an elastase inhibitor), phenyl methyl
sulphonyl fluoride (PMSF), aprotinin, antipain,
chymostatin, leupeptin, pepstatin. Triton X-100 was
from BDH (Poole, UK). Reagents for FACS
analysis Cell wash; Cellfix and FACScan were
obtained from BD. Protein G Sepharose beads
(Zymed, San Francisco, CA), immobilon-P
membrane (Millipore, Bedford, MA) and enhanced
chemiluminescence (ECL) reagent (Amersham
Pharmacia Biotech, Amersham, UK).  The entire
work was carried out at Liverpool University
between the period of 1998 and 2001. 

Polymorphonuclear leukocytes were isolated
from fresh venous blood following dextran-
sedimentation of red blood cells and supernatant
centrifugation through a gradient of monopoly
resolving medium as previously described.12 The
final cell preparation (1x107 cells/ml in RPMI)
contained >98% PMN.  For flow cytometry, PMN
were fixed in 1% paraformaldehyde in PBS (pH 7.3)
immediately following stimulation. Fixed PMN
were washed twice with PBS containing 1% bovine
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Figure 2 - Effect of Polymorphonuclear leukocytes-stimulation on
the binding of different mAbs against CD11b.  MFI -
mean fluorescence intensity

Table 1  - Effect of proteinase inhibitors on CD11b down-regulation
proteinase inhibitors loss of CD11b.

Proteinase inhibitors

PMA alone
PMA+
PMSF
EI
α1-antiprotienase
Aprotinin

Loss of CD11b expression*

91 + 6

20 + 7
87 + 3
85 + 6

  83 + 11

*CD11b loss is expressed as a % loss; taking the expression at  15
minutes as 100%. Results are means ± SEM from 4 different

experiments. PMA - Phorbol 12-myristate 13-acetate, 
PMSF - phenyl methyl sulphonyl fluoride,  EI- elastase inhibitor

a

Results. Figures 1a & 1b confirms our previous
demonstration that CD11b is down-regulated from
PMA-stimulated PMN through proteolysis.11  Figure
1a shows that stimulation of PMN with PMA leads
to up-regulation of CD11b/CD18 on the cell
surface; peaking at approximately 15 minutes. This
is then followed by down-regulation of the molecule
to the resting level by 60 minutes from the start of
stimulation. Down-regulation of CD11b/CD18
occurred as a result of proteolysis of the distal part
of CD11b molecule (Figures 1b).13  Previously, we
have demonstrated that the enzyme responsible for
CD11b degradation was a serine protease.13

However, the identity of the enzyme, and the site of
degradation, were not determined. The present study
attempted to identify the responsible enzyme and
the site of degradation. Using a number of enzyme

b

Figure 1 - Time course of CD11b modulation in PMA-stimulated PMN.  Polymorphonuclear leukocytes (PMN) were stimulated with
PMA (10 ng/ml) at 37°C for various time points. a) At indicated points, aliquots of PMN were taken and CD11b expression
assessed by the D-12 mAb and flow cytometry. Results are means ± SEM from 3 different experiments.  b) Aliquots of
stimulated PMN were also taken at the indicated points and CD11b assessed by SDS-PAGE and western blotting using the
2LMP19c mAb. Both antibodies are directed against the N-terminal region of CD11b. PMA - Phorbol 12-myristate 13-acetate,
MFI - mean fluorescence intensity

inhibitors, it was observed that cell-permeable
serine protease inhibitor (PMSF) greatly reduced the
down-regulation of CD11b, but cell-impermeable
inhibitors (α1-antiprotinase, aprotinin and elastase-
specific inhibitor) had no effect (Table 1). These
observations strongly suggested that CD11b is
degraded in either, an intracellular compartment, or
in the cell membrane. To determine the site of
degradation, PMN were stimulated with PMA and
CD11b expression was then examined on the cell
surface using antibodies directed against the
proximal region (OKM-1) and the distal cleaved
fragment (D-12). Figure 2 shows that at 15 minutes
of incubation, both CD11b epitopes were expressed
on the cell surface. In contrast, by 60 minutes of
stimulation, the epitope on the distal part of CD11b
(D-12) had been lost, but the proximal region
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Figure 4 - Effect of candidate enzymes on immunoprecipitated
CD11b. Lane 1 - immunoprecipitated CD11b was
incubated at 37oC for 60 minutes with RPMI, Lane 2 -
supernatants from unstimulated polymorphonuclear
leukocytes (PMN), Lane 3 - with supernatants from
Phorbol 12-myristate 13-acetate-stimulated PMN and
Lane 4 -with purified elastase (0.02 units/ml). 

a

b

Figure 3 - Effect of oxidants on PMN receptor expression.
Aliquots of PMN were removed and stained for a)
CD11b with the D-12 mAb or b) CD44 with the
2C2 mAb. PMN - polymorphonuclear leukocytes,
DPI - diphenylene iodonium, PMA - Phorbol 12-
myristate 13-acetate, MFI - mean fluorescence
intensity.

Table 2  - Effect of oxidants in the down-regulation of CD11b. 

Inhibitors/scavengers

PMA alone

PMA +

Cytochrome  C (1 mg/ml)

Superoxide dismutase (50 µg/ml) 

Catalase (200 µg/ml)

Azide (1mM)

Diphenylene iodonium (20 µM)

Taurine (2mM)

Loss of CD11b expression*

89 + 4

87 + 6

91 + 5

85 + 3

  5 + 3

 0

 87 + 4 

Polymorphonuclear leukocytes were incubated alone, or with the
above inhibitors/scavengers for 5 min at 37°C before stimulation with

Phorbol 12-myristate 13-acetate (PMA) and CD11b measurements.
Results are means ± SEM from 4 different experiments

(OKM-1) was still fully expressed. It was noted that
a delay of approximately 20 minutes occurred
between the start of PMN stimulation and the start
of CD11b degradation. The start of degradation
followed the peak of oxidant production (results not
shown). These observations suggested that oxidants,
aside from a serine protease(s), could play a role in
the degradation of CD11b. Therefore, the role of
oxidants in CD11b degradation was examined.
Table 2 shows that a cell-permeable specific
inhibitor of PMN NADPH-oxidase, diphenylene
iodonium (DPI), completely inhibited the down-
regulation of CD11b. Inclusion of a cell permeable
myeloperoxidase (MPO)-specific inhibitor, azide,
also completely inhibited the down-regulation of
CD11b. However, scavenging extracellular super-
oxide anion with Cytochrome C, or destruction of
extracellular superoxide and hydrogen peroxide by
addition of superoxide dismutase (SOD) and
catalase; had no effect on CD11b down-regulation.
Moreover, neither removal of secreted MPO, nor
scavenging of extracellular MPO-product (hypo-
chlorous acid) with taurine, had any effect on
CD11b down regulation (Table 2). In contrast to
CD11b down-regulation, DPI and azide had no
effect on PMA-induced down-regulation of CD44
(Figures 3a & 3b) and CD43 (results not shown).
Figure 4 , lane 3, shows that enzymes secreted from
PMA-stimulated PMN caused substantial
degradation of purified CD11b bound to
immunobeads. This effect could be inhibited by
elastase specific inhibitor (results not shown) and
reproduced with purified elastase (Figure 4, lane 4).
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we also observed that the start of CD11b down-
regulation coincided with maximum PMN oxidant
production. These observations strongly suggested
the involvement of oxidants, in addition to serine
protease(s), in the down-regulation of CD11b.
Stimulation of PMN leads to activation of the cell
membrane associated NADPH-oxidase, which
reduces molecular oxygen to super-oxide anion, a
highly unstable oxidant radical that spontaneously
dismutates to hydrogen peroxide. The primary
granule derived myeloperoxidase (MPO) then
utilized the latter product to produce hypochlorous
acid, a highly active radical capable of inducing
structural changes in many proteins, enzymes and
lipids.17,18 Inhibition of the NADPH-oxidase- and the
MPO-enzymes with cell permeable DPI and azide,
prevented the down-regulation of CD11b. However,
scavenging extracellular superoxide anion,
hydrogen peroxide and hypochlorous acid had no
effect on CD11b down-regulation. These results
implicated the NADPH-oxidase-MPO derived
hypochlorous acid in the down-regulation of
CD11b. Prevention of CD11b down-regulation by
both DPI and azide can not be attributed to toxic
effects on PMN, since both agents had no effect on
other PMN function including degranulation and
chemotaxis.19,20  In addition, both DPI and azid had
no effect on the down-regulation of other PMN
surface receptors including CD44 and CD45.
Hypochlorous acid is well known to induce
structural changes in a wide variety of serum
proteins and enzymes, thereby, making them
susceptible to subsequent degradation by proteolytic
enzymes.21,24 The present study indicates that hypo-
chlorous acid induces conformational changes in the
structure of CD11b molecule thereby making it
susceptible to subsequent degradation by a cell
associated serine protease(s). Alternatively, hypo-
chlorous acid could induce CD11b down-regulation
indirectly through activation of cell associated
serine proteinase. Since it was not possible to
identify the serine enzyme responsible for CD11b
degradation in intact cells, CD11b was purified and
the effect of various PMN enzymes on the molecule
studied. We observed that secreted enzymes,
although had no effect on CD11b in intact PMN,
resulted in substantial degradation of purified
CD11b. The effect of secreted enzymes on CD11b
could be inhibited by elastase specific inhibitor and
reproduced with purified elastase. These observations
strongly suggested that binding of CD11b to
Immunobeads induced conformational changes in
the molecule which became susceptible to sub-
sequent degradation by elastase. Taken together,
these results indicate that changes in CD11b
structure, whether induced by exposure to oxidants,
or through binding to immunobeads, are needed
before the molecule becomes susceptible to
degradation by elastase.  The precise site of CD11b
degradation remains to be elucidated.

In contrast to elastase, Cathepsin G had no effect on
purified CD11b degradation (results not shown).

Discussion.  The present study investigates the
mechanism of CD11b/CD18 down-regulation from
stimulated PMN. The study shows that, following
expression on the cell surface, CD11b is down-
regulated by a mechanism involving proteolytic
degradation. Polymorphonuclear leukocytes contain
some serine proteases stored in their primary
granules, prominent amongst these are cathepsin G
and elastase. Polymorphonuclear leukocytes
stimulation release these enzymes from the primary
granules into intracellular compartment (phagosomes),
incorporated into the cell membrane, or released
extracellular. Since we, and others, have previously
shown that secreted, and purified, elastase degrades
a wide variety of different proteins,15,16 this enzyme
seemed a likely candidate in the degradation of
CD11b. However, inhibition of secreted elastase
(and cathepsin G) had no effect on CD11b down-
regulation. Moreover, addition of purified elastase
(and cathepsin G) to mildly stimulated PMN did not
induce CD11b down-regulation. These results
excluded the role of secreted enzymes (including
elastase and cathepsin G) in the down-regulation of
CD11b, and pointed towards the role of cell
associated enzyme(s). The use of cell permeable,
and impermeable, enzyme inhibitors further
strengthened the role of cell associated serine
protease(s) in the degradation of CD11b. Since
elastase can become incorporated into the cell
membrane the above results, although ruled out the
involvement of secreted elastase, did not rule out the
involvement of cell associated elastase- and
cathepsin G- enzymes.  To investigate the precise
site of CD11b degradation, we used 2 monoclonal
antibodies; one directed against the distal cleaved
region of CD11b, and another against the
undegraded proximal part of the molecule. Interna-
lization of CD11b into intracellular compartment
would be expected to result in the down-regulation
of the whole molecule, whereas degradation of
CD11b on the cell surface would only result in the
down-regulation of the distal cleaved part. In a time
course study of CD11b, the distal part of CD11b
was down-regulated, whereas the proximal uncleaved
part of the molecule remained constant through out
the period of stimulation (Figure 3), indicating that
proteolysis of CD11b occurred on the cell surface,
instead of in intracellular compartment. Incorporation
of both elastase and cathepsin G into PMN surface
membrane has been previously demonstrated. These
enzymes would be closely associated with CD11b
molecule and less likely to be inhibited by extra-
cellular enzyme inhibitors and, therefore, could play
a role in the proteolysis of CD11b. We observed
that there was a delay between the start of PMN-
stimulation and CD11b down-regulation. Moreover,
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In conclusion, the present study shows for the
first time that CD11b is proteolytically down-
regulated from stimulated PMN by a mechanism
involving oxidant and a serine protease; most likely
the primary granule derived elastase. 
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