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The highly negatively charged membrane sialoglycoprotein
leukosialin, CD43, is shed during neutrophil activation. This is
generally thought to enhance cell adhesion. We here describe
two novel consequences of this shedding, during neutrophil
activationbyphorbol esters or by chemoattractants afterTNF-�
priming. CD43 proteolysis was investigated by Western blot-
ting, using a polyclonal antibody to CD43 intracellular domain.
Our data emphasize the importance of a juxtamembranous
cleavage of about 50% ofmembrane CD43molecules by cathep-
sin G. Indeed, it is inhibited by �1-antichymotrypsin and
cathepsinG inhibitor I and is reproduced by exogenous purified
cathepsin G. The resulting membrane-anchored C-terminal
fragment, CD43-CTF, becomes susceptible to presenilin/�-
secretase, which releasesCD43 intracytoplasmic domain: prein-
cubation with three different �-secretase inhibitors, before
PMNtreatment by agonists or by purified cathepsinG, results in
the accumulation of CD43-CTF. Because CD43 binds E-selec-
tin, we also investigated the effect of the soluble extracellular
domain CD43s, released by cathepsin G juxtamembranous
cleavage, on neutrophil adhesion to endothelial cells. A recom-
binant CD43s-Fc fusion protein inhibited neutrophil E selectin-
dependent adhesion to endothelial cells under flow conditions,
while it had no effect on neutrophil static adhesion. We thus
propose that, in addition to its potential pro-adhesive role,
CD43 proteolysis results in: (i) the release, by cathepsin G, of
CD43 extracellular domain, able to inhibit the adhesion of flow-
ing neutrophils on endothelial cells and thus to participate to
the natural control of inflammation; (ii) the release and/or the
clearance, by presenilin/�-secretase, of CD43 intracellular
domain, thereby regulating CD43-mediated signaling.

The regulated proteolysis of transmembrane proteins repre-
sents an important mechanism of cell functions modulation.

The inflammation resolution involves, for example, the shed-
ding of cytokine receptors and adhesion molecules, which
down-regulates leukocyte adhesion to endothelium. These reg-
ulations result from a decreased membrane expression of
receptors and/or from the release of soluble fragments, com-
petingwith theirmembrane counterparts. Themajority of shed
proteins identified to date are cleaved by metalloproteinases or
by neutrophil-derived serine proteases (1). Leukosialin, CD43,
is the predominant cell surface sialoprotein of leukocytes (2)
and has both anti-adhesive and adhesive properties. Its func-
tion has been mainly studied on lymphocytes, where CD43
behaves both as a negative regulator of T cell proliferation and
adhesion and as a positive regulator of memory T cell traffick-
ing (3, 4). Although its expression is normally restricted to leu-
kocytes, CD43 is present on colon carcinomas and on several
nonhematopoietic cell lines (5, 6). In these cell lines, CD43 is
processed by a presenilin/�-secretase-mediated regulated
intramembrane proteolysis (RIP)3 (7). RIP refers to a sequential
proteolysis of various type I membrane proteins, including the
amyloid precursor protein of Alzheimer disease, the Notch
receptor, CD44, and E-cadherin (8). RIP is initiated usually by a
metalloproteinase, which induces the shedding of the receptor
ectodomain, followed by an intramembrane processing of the
cell-bound fragment by a PS/� secretase. This releases the
receptor intracellular domain in the cytoplasm. In the case of
CD43 in cancer cell lines, this domain translocates in the
nucleus and causes the up-regulation of various genes (9).
CD43 has been recently described as a ligand for E-selectin

(10, 11). Its expression on polymorphonuclear neutrophils
(PMN) is 10-fold higher than P-selectin glycoprotein ligand-1,
PSGL-1,4 the main leukocyte ligand for P-selectin, which also
binds E-selectin. Despite CD43 abundance, data on its precise
role in PMN responses are scarce. CD43 is shed during PMN
activation (12–15) and during adhesion and spreading (2, 16),
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together with other E-selectin ligands PSGL-1 and CD44 (17,
18). A soluble form of CD43, CD43s, representing the entire
extracellular domain, has been described in plasma and identi-
fied to galactoglycoprotein (Galgp) (19). CD43 proteolysis on
PMN was claimed to involve serine proteases and metallopro-
teinases. The precise analysis of the proteolysis mechanismwas
hampered by the fact thatCD43 soluble fragments donot trans-
fer on blotting membranes (15) and required an immunopre-
cipitation of radiolabeled neutrophil membranes. We pro-
duced a polyclonal antibody against a recombinant CD43
intracellular domain to re-assess themolecule proteolysis in the
light of recent data on: (i) the �-secretase processing of CD43 in
cancer cells; (ii) the description of CD43 as a leukocyte ligand
for endothelial E-selectin.We here describe for the first time, in
human PMN activated by pro-inflammatory stimuli, a cathep-
sin G and �-secretase mediated processing of CD43 with puta-
tive important functional consequences.

EXPERIMENTAL PROCEDURES

Antibodies andReagents—FITC-anti-CD43mAb (1G10) and
IgG1 were from BD Pharmingen (San Diego, CA), anti-CD18
clone IB-4 fromAncell (Bayport,MN), anti-CD62E, FITC-anti-
CD62L mAbs, and PE-anti-CD146 from Beckman Coulter
(Roissy, France). The rabbit anti-CD43cyto pAb was obtained
as described (20). Human neutrophil elastase (NE), cathepsin
G, and proteinase 3 were purified as described (21). Purified
cathepsin G was also purchased from Calbiochem (Darmstadt,
Germany) and Athens Technology (Athens, Georgia). Human
IgGs were purified on protein A-Sepharose from an AB blood
group normal human serum. The CD43s-Fc fusion protein was
produced in COS cells, as described (22) and purified on pro-
tein A-Sepharose. Tumor necrosis factor �, TNF-�, was from
PeproTech (Rocky Hill, NJ). Recombinant human VCAM-1-Fc
was from R&D (Abingdon, UK). �1-anti-chymotrypsin
(�1-CT), cathepsin G inhibitor I, and MG-132 were from Cal-
biochem, Compound E from Alexis (Lausanne, Switzerland),
Tapi-0, and Tapi-1 from Peptides International (Louisville,
KY), while Marimastat, CH46644 and CH6631 were a kind gift
from Dr. John Bird (Celltech Chiroscience, Cambridge, UK).
All other inhibitors and reagents were from Sigma-Aldrich.
Cells—Human neutrophils and endothelial cells HUVEC

were isolated as described (20, 23) from platelet-depleted blood
and umbilical vein, respectively, from healthy volunteers. Neu-
trophils were suspended in Hanks balanced solution with Ca2�

and Mg2� containing bovine serum albumin (0.1%, HBSS2�-
BSA). In our hands, this BSA concentration has no effect on
CD43 proteolysis (2). HUVECswere cultured on gelatin-coated
flasks (Costar Corporation, Cambrige, MA) in M199 supple-
mented with penicillin, streptomycin, L-glutamine, Hepes (10
mM), heparin (50 �g/ml), endothelial cell growth supplement
ECGS (20 �g/ml), and 20% fetal calf serum. 3rd- and 4th pas-
sage cells were used exclusively. CHO cells were either tran-
siently transfected with CD43 cDNA or stably transfected with
cDNAs encoding both CD43 and core 2 �-1,6-N-acetylglu-
cosaminyl transferase (C2GnT), as described (24), then further
transiently transfected to enhance protein expression.
Neutrophil Activation, FlowCytometry, andWestern Blotting—

Freshly isolated neutrophils were distributed in BSA-coated

tubes and gently tumbled every 5 min during their activation at
37 °C either with phorbol myristate acetate (PMA) or with
TNF-� and N-formyl-L-methionyl-L-leucyl-L-phenylalanine
(fMLP), as described in the figure legends. The reaction was
stopped by adding ice-cold phosphate-buffered saline contain-
ing phenylmethylsulfonyl fluoride (1 mM) and 1,10-phenan-
throline (1 mM), to prevent any further CD43 cleavage. PMN
were centrifuged at 4 °C for 30 s at 3,800 � g and submitted to
Western blotting or flow cytometry as described (20).
Assays for PMN Adhesion to HUVEC—Static adhesion: con-

fluent HUVECs, subcultured in 48-well 0.5% gelatin-coated
plates, were pretreated for 4 h with 10 ng/ml TNF-� and rinsed
with medium. PMN were then added (2 � 106 per ml of M199
with 0.1% BSA) and allowed to adhere for 30 min at 37 °C.
Non-adherent cells were removed by rinsing and adherent
PMN and HUVEC were detached with 0.5 mg/ml collagenase
for 15 min at 37 °C. They were then labeled with PE-anti-
CD146, to distinguish CD146-negative PMN fromCD146-pos-
itive endothelial cells. PMN were counted by flow cytometry
with a constant time setting.
Flow Assay—Cell adhesion was analyzed, as described (25),

by real-time videomicroscopy with a �10 objective, in a flow
chamber containing a 0.5% gelatin-precoated glass coverslip
with confluent HUVECs, which had been stimulated for 4 h
with 0.2 ng/ml TNF-� and washed to remove the TNF-�. Con-
trolled flow rates, generating a wall shear rate of 100 s�1, were
applied alternatively to two syringes, resulting in sequential
perfusion of 37 °C warmed HBSS2�-BSA and PMN suspension
(2 � 106/ml), for 4 min each, over the endothelial cells layer.
This was followed by a period of washoutwithwarmbuffer, and
video microscopic recordings were made between minutes 1
and 2, as described (26). The Histolab software (Microvision
Instruments, Evry, France) allowed quantifying the number of
adherent cells visible in at least three fields.
Statistical Analysis—Datawere compared using a paired Stu-

dent’s t test analysis. Statistical significance was defined as fol-
lows: *, p � 0.05; **, p � 0.01; and ***, p � 0.001.

RESULTS

Cell-associated CD43 Fragments Analyzed by Western
Blotting—Confirming a previous report (15), we observed that
extracellular soluble CD43 fragments fail to transfer onto blot-
ting membranes, whatever membrane (nitrocellulose, polyvi-
nylidene difluoride, positively charged PALL membranes),
blotting buffer (pH 4–11), or anti-CD43 mAb clones (L60,
MEM59, 1G10) were used. We thus raised an anti-CD43cyto
intrapolyclonal antibody to analyze by Western blotting the
fragments containing CD43 intracellular domains and remain-
ing membrane-anchored after proteolysis. The antibody spec-
ificity was analyzed byWestern blot with CHO cell lines trans-
fected with CD43 without and with Core2GnT, resulting in
bands corresponding to the previously reported 115- and 130-
kDa glycosylated forms of CD43 (24) (Fig. 1A). Analysis of
PMA-activated PMN (Fig. 1B) confirmed previous data,
because it revealed cell-associated fragments complementary
in size to the reported soluble CD43 fragments observed by
immunoprecipitation of 125I-labeled neutrophils (15, 27): (i) a
cell-bound 90-kDa doublet, resulting from clip A (Fig. 1C) and
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complementary to the reported soluble 50-kDa doublet; (ii) a
cell-bound CD43 C-terminal fragment, CD43-CTF, of 25 kDa,
resulting from clip B and complementary to the reported solu-
ble 120-kDa fragment.
The intensity of the 90-kDa doublet was variable and

appeared to be related to the “spontaneous” activation of PMN
during the isolation procedure: As we had observed with the
soluble 50-kDa doublet (27), it was often observed on freshly
isolated PMN, appeared upon incubation at cell concentrations
above 106/ml without any stimuli, and was significantly pre-
vented by avoiding the lysis of contaminating erythrocytes and
by the presence of 1mg/ml BSA in incubationmedium. It is not
knownwhether the doublet represents two very close split sites,
or a single split resulting in fragments that differ by post-trans-
lational modifications such as glycosylation. Kinetic studies
showed that the small 25-kDa CD43-CTF appeared later than
the 90-kDa doublet and was the main fragment after 30 min of
incubation (Fig. 1B). PMN activation by TNF-� (10 ng/ml) or
fMLP (10�6 M) did not modify significantly CD43, as men-
tioned previously (14), while priming with 5 ng/ml TNF-� for
30 min, followed by 30 min of activation with fMLP (10�6 M)
resulted in CD43 cleavage similar to PMA, but the 25-kDa
CD43-CTF was either weakly present or not detected (Fig. 1B).
CD43 Proteolysis in Plasma—Western blot analysis con-

firmed that plasma inhibits CD43 proteolysis (Fig. 2A). It sig-
nificantly prevented the decrease of the CD43 full-length band,
and the appearance of CD43 fragments promoted by high PMA
concentrations (100 ng/ml) or, to a lesser extent, by TNF-� (5
ng/ml) with fMLP (10�6 M). This inhibition, not modified by
plasma heat-inactivation (30 min, 56 °C), was impressive but

not complete. Although neutrophil activation in plasma
resulted in little or no increase of the 90-kDa doublet, as com-
pared with control cells in buffer, some 25-kDa CD43-CTF
appeared with plasma/PMA-activated cells (Fig. 2A). This sug-
gests that plasma efficiently protects the extended extracellular
domain of CD43 from proteolysis, while the juxtamembranous
cleavage site is less accessible to plasma inhibitors. Sample
loads of Fig. 2A blots, aimed to detect the 25-kDa CD43-CTF
fragment, resulted in saturating signals for the full-lengthCD43
band. However, serial dilutions of PMN lysates showed a signif-
icant decrease of full-length CD43 band intensities upon acti-
vation in plasma with PMA and TNF/fMLP, respectively
(Fig. 2B).
Role of Neutrophil Serine Proteases in CD43 Shedding—Inhi-

bition of CD43 proteolysis may involve plasma protease inhib-
itors. Because themain plasma serpins are�1-proteinase inhib-
itor �1-PI and �1-anti-chymotrypsin �1-CT, we analyzed the
effects of these inhibitors on CD43 proteolysis. Western blot-
ting analysis revealed that whereas �1-PI does not seem to pre-
vent any cleavage, �1-CT inhibits the degradation of a newly
appearing 70-kDa fragment and decreases the intensity of the
25-kDa CD43-CTF (Fig. 3A). �1-PI is known to inhibit all the
serine proteases released by PMN upon PMA-triggered
degranulation, namely elastase, cathepsin G, and proteinase 3,
PR3, with the highest affinity for elastase. By contrast, �1-CT
inhibits cathepsin G but neither elastase nor PR3 (28). These
results thus proposed cathepsin G as a candidate for the cleav-
age of the 70-kDa fragment into a 25-kDa cell-boundCTF. Flow
cytometry analysis of CD43 membrane expression, after neu-
trophil incubation with exogenous purified serine proteases,

FIGURE 1. Analysis of CD43 proteolysis by Western blot with the anti-
CD43cyto pAb, showing the remaining membrane-associated CD43
fragments. A, specificity of the anti-CD43cyto pAb tested by Western blot-
ting of lysates from native CHO cells (lane 0) and CHO transfected with CD43
without and with the Core2 GnT. Blotted membranes were analyzed with the
anti-CD43cyto (right), while total proteins were detected with Ponceau red
(left). B, kinetic analysis of PMA-induced proteolysis of CD43, analyzed by
Western blotting: freshly isolated neutrophils (2 � 106/ml in HBSS2�/0,1%
BSA) were incubated at 37 °C with 3 ng/ml PMA and stopped at increasing
incubation time points (left panel) or with TNF-� (5 ng/ml) for 30 min then
with fMLP (10�6

M) for another 30-min incubation, or with TNF-� or fMLP
alone (right panel) and compared with cells incubated with buffer (lane 0).
Neutrophil lysates, submitted to gel electrophoresis on 7–15% gradient
acrylamide, were analyzed by Western blotting with the anti-CD43cyto anti-
body and an horseradish peroxidase-labeled secondary anti-rabbit IgG anti-
body and revealed by chemiluminescence. C, schematic representation of
soluble and membrane CD43 fragments.

FIGURE 2. CD43 proteolysis in plasma. 2 � 106/ml PMN, suspended in
HBSS2�-BSA or in undiluted autologous heparinated plasma, were incubated
with PMA (100 ng/ml) for 30 min at 37 °C or with TNF-� (5 ng/ml) for 30 min,
followed by the addition of fMLP (10�6

M) and another 30-min incubation.
Cells lysates were analyzed by Western blotting, as in Fig. 1. A, Western blot of
one representative experiment and mean � S.D. of the intensities of the
90-kDa doublet and 25-kDa scanned bands from four similar experiments.
Results are expressed as percent of the maximal level observed with TNF/
fMLP (90-kDa doublet) or PMA (25 kDa). B, native CD43 bands shown in the
blot A resulted in saturating signals. Quantitative evaluation of residual full-
length CD43 was then calculated from Western blot analysis of serial dilu-
tions of PMN lysates, after activation with or without plasma as above.
Scanned band intensities, normalized with the scanned actin bands, are
expressed as percent of the initial level of full-length CD43 of PMN incu-
bated in HBSS (n � 4).
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showed no significant cleavage by PR3, while elastase and
cathepsin G resulted in up to 80 and 40% CD43 down-regula-
tion respectively (Fig. 3B). As shown in Fig. 3A and in agree-
ment with previous data (29), Western blot analysis of PMN
incubated with purified elastase resulted in a 90-kDa doublet,
similar to that observed with PMA. Elastase also produced a
70-kDa fragment. Interestingly, cathepsin G promoted a jux-
tamembranous cleavage, leaving a 25-kDa cell-associated frag-
ment analogous to the CD43-CTF observed after PMN activa-
tion by PMA (Fig. 3A). Data shown in Fig. 3A were obtained
with our homemade cathepsin G preparation, but identical
results were obtained with two commercial cathepsin G (data
not shown). Finally, the specific cathepsinG inhibitor 1 (10�M)
partially inhibited the appearance of the 25-kDa CD43-CTF
resulting from PMA activation Fig. 3C).
We thus propose (Fig. 3D) that PMA-induced CD43 prote-

olysis includes: (i) clips A and C, mediated by elastase-like
enzyme(s) and resulting in 90- and 70-kDa membrane-span-
ning fragments, respectively; (ii) a juxtamembranous clip B,
presumably mediated by cathepsin G, producing the 25-kDa
CD43-CTF. Our results also show that clip C appears to be
followed immediately by clip B and thus only detected if clip B is
prevented by �1-CT.
Role of Presenilin/�-Secretase (PS/�-Secretase)—In cancer

cells, an intramembrane cleavage of CD43 by PS/�-secretase
has been described (7). We thus investigated a possible role of

�-secretase in CD43 processing in neutrophils. In most
instances, RIP-induced intracytoplasmic fragments are difficult
to individualize, either because they translocate to the nucleus
or because they are degraded by the proteasome. PS/�-secre-
tase activity is thus indirectly measured by the accumulation of
membrane CTF in the presence of �-secretase inhibitors. The
presence of three different inhibitors of �-secretase, L685,458,
MG132, or compound E, during neutrophil activation by PMA
(Fig. 4A), significantly increased the amount of the 25-kDa
CD43-CTF observed on Western blots. Moreover, in the pres-
ence of �-secretase inhibitors, the 25-kDa CD43-CTF now
appeared onWestern blots fromneutrophils activated by TNF/
fMLP (Fig. 4B). Neutrophil incubation with �-secretase inhibi-
tors in the absence of agonist did not produce any CD43-CTF
fragment (data not shown). �-Secretase inhibition thus reveals
the occurrence of a juxtamembranous cleavage, upon PMN
activation by TNF/fMLP, which was not detected normally,
because of CD43-CTF rapid degradation by �-secretase. We
did not detect smaller putative intracytoplasmic fragments
resulting from this further degradation, even when cell pellets
were immediately boiled in Laemmli buffer to solubilize
nuclear proteins beforeWestern blot analysis (data not shown).
Absence of Metalloproteinase Involvement in CD43 Shedding—

RIP intramembranous proteolysis is usually triggered bymatrix
metalloproteinases, MMPs. We thus tested the effects of vari-
ous MMP inhibitors on CD43 shedding. PMA-induced CD43
cleavage was not inhibited by metalloproteinase inhibitors,
such as TAPI-0, TAPI-1, and CH4644 and CH6631, that block
various MMPs, including MMP8 and MMP9 (data not shown)

FIGURE 3. Role of neutrophil serine proteases in CD43 shedding. A, left
panel, CD43 fragments resulting from PMA activation in the presence of
plasma serpins (left panel). 2 � 106/ml PMN were preincubated for 15 min
with �1-PI (500 �g/ml) or �1-CT (100 �g/ml) and activated for 30 min with 3
ng/ml PMA in HBSS2�-BSA. Right panel, CD43 fragments resulting from the
addition of exogenous purified serine proteases to resting PMN. 10 � 106/ml
PMN in phosphate-buffered saline were treated with human purified elastase
(NE) (15 �g/ml) or cathepsin G (Cat G) (25 �g/ml) for 20 min at 37 °C. Cell
lysates were analyzed by Western blotting revealed by anti-CD43cyto pAb.
B, dose response effect of purified elastase, cathepsin G, and PR3 on CD43
expression. PMN were incubated as described above with increasing concen-
trations of serine proteases, then labeled with FITC-anti-CD43 and analyzed
by flow cytometry. C, inhibition, by cathepsin G inhibitor 1, of the cleavage
resulting in 24-kDa CD43-CTF. PMN, preincubated or not for 15 min with
cathepsin G inhibitor-1 10 �M, were activated with PMA and processed as in A.
Two different experiments are shown, where PMA induced high and low lev-
els of CD43 proteolysis, as well as a quantitative analysis of the scanned
25-kDa band (mean � S.D. of four experiments). Data are expressed as per-
cent of the control band observed upon PMA activation without inhibitor.
D, schematic representation of serine protease-induced CD43 fragments.

FIGURE 4. Accumulation of the 25-kDa CD43-CTF in the presence of
�-secretase inhibitors. PMN were preincubated with �-secretase inhibitors
(5 �M L685,458 (L), 15 �M MG132 (M), 20 nM compound E (E)) for 2 h at 37 °C,
then further incubated without or with either PMA (3 ng/ml) for 30 min (A) or
with 5 ng/ml TNF-� for 30 min followed by fMLP (10�6

M) for another 30 min
(B). The reaction was stopped, and cell lysates processed for Western blotting
as described under “Experimental Procedures.” Left panels show one repre-
sentative experiment. Right panels show the mean � S.D. of the scanned
band intensities of full-length CD43, expressed as percent of initial levels of
PMN incubated in buffer and of CD43-CTF, expressed as percent of the levels
observed with PMN activated with PMA or TNF/fMLP in the absence of inhib-
itors (n � 3 experiments).

CD43 Processing by Cathepsin G and �-Secretase

23630 JOURNAL OF BIOLOGICAL CHEMISTRY VOLUME 283 • NUMBER 35 • AUGUST 29, 2008



and the broad MMP and TACE inhibitor marimastat (BB 2516)
(Fig. 5, A and D). In parallel experiments, marimastat efficiently
blocked the shedding of L-selectin (CD62L) on the same cells (Fig.
5B). CD43down-regulationwas inhibited by 1,10-phenanthroline
(Fig. 5,CandD), but alsoby the inactive analogue1,7-phenanthro-
line (Fig. 5C), confirming previous data (17) and suggesting an
effect unrelated to metalloproteinase inhibition. Metalloprotein-
ases thus do not seem to be involved in PMA-induced cleavage.
CD43 Is Processed by Presinilin/�-Secretase as aConsequence

of Cathepsin G Cleavage—We thus wondered if cathepsin G
could fulfill the function of MMPs in the RIP processing and pre-
pare CD43 for �-secretase processing. As shown in Fig. 6A, exog-
enous purified cathepsin G resulted in a CD43-CTF fragment,
whichwas furtherdegradedby�-secretase. Indeed, the intensityof
the CD43-CTF fragment, resulting from increasing doses of
cathepsin G, was further enhanced by PMN preincubation with
�-secretase inhibitor compound E (97.3 � 64.6% increase, n � 7,
p � 0.007). To exclude the effects of putative enzymes contami-
nating our cathepsin G preparations, we repeated these experi-
mentswith two commercial cathepsinG sources andobtained the
same results (data not shown). By contrast, the intensities ofCD43
fragments released by exogenous elastase were not modified by
compound E (Fig. 6A). Finally, CD43-CTF fragments appearing
upon PMN treatment by cathepsin G, in the presence of the
�-secretase inhibitor, disappeared completely in the presence of
the specific cathepsin G inhibitor I, but were not affected by the
MMP inhibitor marimastat (Fig. 6B). This result shows that the

cleavage of CD43 by purified cathepsin G, in the absence of any
PMN agonist, is sufficient to allow CD43 further processing by
PS/�-secretase.
Role of Presinilin/�-Secretase in the Regulation of Neutrophil

Functions—�-Secretase inhibitors had no effect on neutrophil
degranulation, promoted by PMA or TNF/fMLP, reflected by
CD11b up-regulation, asmeasured by flow cytometry (n� 5, data
not shown).Theyhadnoeffect eitheron theoxidativeburst,meas-
ured with the fluorescent probe 2�-7�-dichlorofluorescein hydro-
diacetate (n�5, datanot shown). By contrast, all three�-secretase
inhibitors significantly inhibited neutrophil adhesion to gelatin,
promoted either by TNF/fMLP or by PMA (Fig. 7).
Modulation of PMNAdhesion to Endothelial Cells by CD43s,

the Soluble Ectodomain of CD43 Released after Cell Activa-
tion—We tested the effect of a recombinant chimeric
Fc-CD43smolecule onneutrophil adhesion to endothelial cells.
To preserve the function of the natural molecule, CD43s was
expressed in COS cells, which contain the enzymatic machin-

FIGURE 5. Absence of involvement of metalloproteinases in CD43 shed-
ding. Flow cytometry analysis of CD43 (A) and CD62L (B) membrane expres-
sion after PMN activation with limiting PMA concentration (3 ng/ml), without
and with marimastat (6 �M) (n � 7). C, flow cytometry analysis of CD43 mem-
brane expression after PMN activation by high PMA concentrations (10
ng/ml) in the presence of 1,10- or 1,7-phenanthroline (1 mM) (n � 3). D, West-
ern blot analysis of PMN lysates after 30 min of incubation with 3 ng/ml PMA
in the presence of 1,10-phenanthroline (1 mM) or marimastat (6 �M).

FIGURE 6. Cathepsin G triggers CD43-CTF further processing by �-secre-
tase. A, PMN (2.106/ml), preincubated (�) or not (�) with �-secretase inhibi-
tor compound E (20 nM) for 2 h at 37 °C, were then treated for 20 min with
buffer (lane 0), with decreasing concentrations of purified cathepsin G (left
panel) or with purified elastase (15 �g/ml) (right panel). B, PMN 2 � 106/ml
were preincubated at 37 °C with �-secretase inhibitor compound E (20 nM) for
2 h and with cathepsin G inhibitor I (CatG) (10 �M) or metalloproteinase inhib-
itor (MMP) marimastat (6 �M) for 15 min, then treated for 20 min with purified
cathepsin G (25 �g/ml). Cell lysates were analyzed by Western blot as
described under “Experimental Procedures.”

FIGURE 7. Effect of �-secretase inhibitors on neutrophil adhesion. PMN (2 �
106/ml) were preincubated with �-secretase inhibitors (5 �M L685,458 (L), 15 �M

MG132 (M), 20 nM compound E (E)) in HBSS without Ca2�/Mg2�, for 2 h at 37 °C.
They were diluted (v/v) with HBSS containing 2 mM Ca2�/Mg2� (to reach 1 mM

final concentration) and added to gelatin-coated plates. After 15 min at 37 °C,
cells were activated either with PMA (5 ng/ml) or with TNF (5 ng/ml) for 15 min
and fMLP (10�6

M) for 30 min. After washing off non-adherent cells, the amount of
adherent cells was measured by protein titration with a Micro BCA Protein Assay
(Pierce). Results are expressed as percent of the levels reached upon PMN activa-
tion with PMA or TNF/fMLP without inhibitors.
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ery required for a post-translational glycosylation similar to
neutrophils (24). We used 10–30 �g/ml Fc-CD43s, based on
normal plasma CD43s (Galgp) concentration, previously esti-
mated at 10 �g/ml (19). Moreover, a homemade sandwich
ELISA, using anti-CD43-coated plates and biotinylated wheat
germ agglutinin and standardized with the recombinant
Fc-CD43s protein, resulted in a mean of 7 � 6.7 �g/ml of
CD43s in normal plasma (n � 7, data not shown). Our results
show that Fc-CD43s has no effect on PMN static adhesion to
extracellular matrix (gelatin, fibronectin, data not shown) or to
TNF-activated endothelial cells (Fig. 8A). We confirmed with
blocking antibodies that this adhesion is�2 integrin-dependent
but E-selectin-independent.
By contrast, PMN adhesion to TNF-activated HUVECs

under flow conditions, partially prevented by anti-E-selectin
antibodies, was also significantly inhibited by 10 �g/ml
Fc-CD43s, when compared with human IgGs purified from an
AB normal serum, as a control for the Fc portion (Fig. 8B). The
inhibition level was the same with 10 �g/ml and 30 �g/ml
CD43s (data not shown). In similar conditions, 10 �g/ml
recombinant Fc-VCAM-1 had no effect on PMNadhesion (Fig.
8B). These results suggest that CD43s interferes with the E-

selectin-dependent adhesion of PMN to endothelial cells under
flow.

DISCUSSION

Our analysis of CD43 proteolysis, resulting from neutrophil
activation, confirms several points proposed previously (15).
Indeed, the size of membrane-anchored C-terminal fragments,
detected with our anti-CD43cyto antibody, are mostly comple-
mentary of those previously described for soluble N-terminal
fragments. We demonstrate that CD43 proteolysis includes
three simultaneous or sequential proteolytic steps, schematized
in Figs. 1C and 3D: clips A and C, distant from the membrane
and a juxtamembranous clip B.
The double clip A, previously described as a spontaneous

cleavage (15) indeed corresponds to a protein domain very sen-
sitive to proteolysis. This cleavage was observed upon PMN
incubation without stimuli, particularly in buffers devoid of
BSA, and it increased with the cell concentration. This suggests
that it is mediated by proteases either constitutively present on
neutrophils, but normally blocked by plasma inhibitors or albu-
min, or induced onPMNmembrane by the isolation procedure.
This cleavage was enhanced by PMA or by TNF/fMLP and we
confirm that it results in CD43 fragments similar to those
observed with exogenous elastase (27, 29). In addition, purified
elastase results in a minor cleavage C, closer to the membrane
and leaving a 70-kDa membrane-spanning fragment. A similar
70-kDa fragment was produced during PMN activation, but
was only detected in the presence of �1-antichymotrypsin
�1-CT, which prevents its further degradation. These results
strongly suggest that, during PMN activation, (an) elastase-like
enzyme(s) cleave(s) CD43 at clip A and C sites, distant from the
cell membrane and resulting in cell-bound 90-kDa doublet and
70-kDa fragments. The clip A site is more exposed and prefer-
entially cleaved. The minor 70-kDa fragment seems to be
immediately further processed by the �1CT-sensitive clip B
enzyme (as schematized in Fig. 3C).

The identification of plasma Galgp as the entire extracellular
CD43 domain released in the fluid phase (19) makes it likely
that the juxtamembranous clip B is involved in the physiologic
ectodomain shedding of CD43. This clip had been suggested by
the down-regulation of a T305 epitope and claimed to be exclu-
sively induced byPMA(15).Our anti-CD43cyto pAb allowed to
clearly demonstrate, for the first time, the occurrence of such
juxtamembranous clip, which results in a 25-kDa membrane
inserted C-terminal fragment CD43-CTF fragment. We also
show that this cleavage is not only triggered by PMAbut also by
pro-inflammatory stimuli, such as TNF-� priming followed by
chemoattractant activation. In the latter condition, the result-
ing CD43-CTF is only detected in the presence of �-secretase
inhibitors, as discussed below. Clip B also occurs during PMN
apoptosis, because we previously described a 25-kDa mem-
brane-anchored CD43 fragment on apoptosis-induced mem-
brane-derived microparticles (20).
The juxtamembranous Clip B had been proposed to result

from an unknown “CD43-ase” insensitive to serine protease or
metalloproteinase inhibitors (15). We here show that, unlike
clip A, which occurs “spontaneously” upon incubation of iso-
lated PMN, clip B requires a strong activation induced by PMA

FIGURE 8. Effect of CD43s on PMN adhesion to endothelial cells. A, lack of
effect on static adhesion: PMN were preincubated with control IgG2a or anti-
CD18 mAb or TNF-�-activated HUVECs preincubated with IgG1, anti-E-selec-
tin mAb (anti-CD62E) or recombinant Fc-CD43s (10 �g/ml), for 20 min. PMN
were then allowed to adhere to TNF-�-activated HUVECs under static condi-
tions (n � 6). B, inhibition of PMN adhesion under shear stress: TNF-�-acti-
vated HUVECs were preincubated for 10 min with either control IgG1 or anti-
E-selectin mAb (left), recombinant Fc-CD43s (10 �g/ml) or control human
IgGs (middle), recombinant Fc-VCAM-1 (10 �g/ml) or control human IgGs
(right). Neutrophils (106/ml) were then perfused together with IgGs or recom-
binant molecules and tested in a flow-based adhesion assay, as described
under “Experimental Procedures.” Data give the numbers of adherent neu-
trophils, as percent of control adhesion obtained in the presence of control
IgGs (mean � S.D., n � 4).
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or by TNF together with fMLP, while it is not observed with
TNF-� or fMLP alone. This is reminiscent of the mobilization
of azurophilic granules, which requires PMN priming together
with chemoattractants. Azurophilic granule serine proteases,
which are then released, are elastase, cathepsin G and PR3. All
are strongly cationic enzymes, likely to spontaneously interact
with such a negatively-charged preeminent membrane protein
as CD43. Our flow cytometry data confirm that elastase and
cathepsin G result in CD43 shedding, while PR3 has no signif-
icant effect (29).
Western blot analysis of CD43 proteolysis by cathepsin G,

which had not been investigated until now, reveals that cathep-
sin G could be a good candidate for the juxtamembranous clip
B. Indeed: (i) both �1-CT, which inhibits cathepsin G but nei-
ther elastase nor PR3, and a specific cathepsin G inhibitor pep-
tide partially inhibited PMA-induced CD43 proteolysis and
prevented the appearance of the 25-kDa CD43-CTF fragment;
(ii) PMN treatment with purified cathepsin G from three dif-
ferent sources resulted in a juxtamembranous cleavage, pro-
ducing a 25-kDaCD43-CTF similar to that observed after PMN
activation by PMA. Moreover, the analysis of CD43 sequence
(30) reveals a putative cathepsinG site, Val-Pro-Phe, P3-P1 (31),
10 amino acids away from the transmembrane sequence. Such a
cleavage would release an extracellular soluble fragment with
the same C-terminal Phe-226 as galactoglycoprotein (Galgp),
the soluble CD43 form described in normal plasma (19). The
clip B cleavage of CD43, resulting from neutrophil activation, is
thus likely to be mediated by cathepsin G.
The lack of inhibition of PMA-induced CD43 proteolysis by

DFP, aprotinin or �1-PI, known inhibitors of elastase and
cathepsin G, remains puzzling and different hypothesis have
been discussed previously (2, 15). The large quantities of pro-
teases released by PMA-activated neutrophils may overwhelm
and inactivate protease inhibitors. �1PI is known to be inacti-
vated by PMN membrane-bound MMPs, MMP8 and MT6-
MMP/MMP25 (32, 33), andmay not be functional at sites close
to PMN membrane, particularly during cell adhesion. More-
over, a competition between neutrophil elastase and cathepsin
G for binding �1-PI has been described, resulting in a lack of
control of cathepsin G by this inhibitor when elastase is present
(34). Finally, the lack of effect of some inhibitors may be related
to their accessibility to the immediate membrane surrounding.
Indeed, degranulation releases endogenous proteases at the
immediate proximity of CD43 juxtamembranous cleavage site.
The charge or size of some but not other protease inhibitors
may limit their access, through the cell glycocalyx, to this cleav-
age site. Thiswould also explain the partial inhibition promoted
by the specific cathepsin G inhibitor I.
Following the description of a �-secretase-mediated RIP of

CD43 in cancer cell lines (7), we investigated a similar cleavage
of CD43 during neutrophil activation. The �-secretase compo-
nent presenilin-1 has been described in neutrophil azurophilic
granules (35). A functional presenilin/�-secretase complex
could then result from azurophilic granule fusion with the
plasma membrane. Interestingly, �-secretase inhibitors have
recently been shown to accelerate neutrophil apoptosis (36),
suggesting that some of the �-secretase products may be anti-
apoptotic. Upon PMN activation by PMA or by TNF-�/fMLP,

we indeed observed a significant accumulation of the 25-kDa
CD43-CTF, when cells were preincubated with three different
�-secretase inhibitors. This effect of �-secretase inhibitors was
also observed on the 25-kDa CD43-CTF, resulting from PMN
treatment by exogenous cathepsin G. The juxtamembranous
clip promoted by cathepsin G could thus be sufficient to render
CD43 susceptible to�-secretase cleavage. This role of cathepsin
G is unexpected, because in most cases it is performed by
metalloproteinases.
A role forMMPs inCD43 shedding had been proposed, since

PMA-induced CD43 shedding was inhibited by 1,10 ortho-
phenanthroline. We tested here various broad metalloprotein-
ase inhibitors, able to inhibit MMPs and/or membrane shed-
dases such as TACE: None of them had significant effect on
CD43 down-regulation by PMA, except for 1,10-orthophenan-
throline, but a similar inhibition was observed with the inactive
analogue 1,7-orthophenanthroline, as previously mentioned
(15). Metalloproteinases thus do not appear to be involved in
CD43 proteolysis on PMN.
We addressed the question of the role of the �-secretase-

mediated release of CD43 intracellular fragments, by prevent-
ing this releasewith PS/�-secretase inhibitors.Our results show
that �-secretase inhibitors have no effect on neutrophil degran-
ulation or oxidative burst, but significantly inhibit neutrophil
adhesion. Although this inhibition may extend beyond CD43,
to other putative membrane receptors processed by �-secre-
tase, these results suggest that neutrophil adhesion requires the
release of intracellular domains from shed transmembrane
molecules.
PMN activation by inflammatory stimuli results in the shed-

ding of half of membrane exposed CD43. The full-length
unshed CD43 molecules interact with cytoskeletal linker pro-
teins ezrin, radixin and moesin (ERM), are redistributed in the
uropod and participate to cell motility (37, 38). The proteolysis
by PS/�-secretase of CD43-CTF fragments, remaining in the
membrane after CD43 shedding, may be seen as the simple
clearing of useless fragments by a “membrane proteasome”
(39). By analogy with the E-cadherin cleavage by �-secretase,
that dissociates catenins from the cytoskeleton (40), �-secre-
tase effect on CD43 could be the release of CD43CTF-bound
ERM, so that actin bundles would only interact with full-length
CD43molecules. Similarly, the removal ofCD43-CTF cytoplas-
mic domains, endowed with signaling functions (4, 41) may be
crucial to concentrate this signaling on CD43 molecules with
entire functional ectodomains. Indeed, lymphocyte migration
has been shown to require both the ectodomain and the intra-
cellular domain of CD43 (4). Intramembrane proteolysis, such
as �-secretase-mediated RIP, may represent a general way of
switching off all signals transmitted by transmembrane mole-
cules after the shedding of their extracellular region (39).
Finally, PS/�-secretase processingmay also release CD43 intra-
cellular fragments endowed with nuclear localization and tran-
scription properties. Indeed, a nuclear localization sequence
has been described in CD43 cytoplasmic tail and, in carcinoma
cell lines, CD43 intracellular domain was shown to translocate
in the nucleus and cause an up-regulation of target genes (9).
Gene transcription is known to be triggered in neutrophils
upon stimulation by pro-inflammatory agonists, which also
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induce CD43 shedding. CD43 intracytoplasmic fragments
could regulate these transcriptions, if they localize in the
nucleus. Genes that would be differentially expressed in neu-
trophils in the absence or presence of �-secretase inhibitors
deserve investigation.
We here show that clip A is mostly prevented by plasma,

presumably due to high levels of plasma serpins. However,
CD43 shedding has been shown to occur in vivo on circulating
PMN during hemodialysis (42) and during PMN migration to
inflammation sites (43). Our data suggest that the juxtamem-
branous clip B partially escapes plasma inhibition. This cleav-
age was only weakly detected byWestern blotting, presumably
because of the immediate degradation of CD43-CTF by PS/�-
secretase. Interestingly, the decrease of native CD43, induced
either by PMA or TNF/fMLP in plasma or by increasing
concentrations of exogenous cathepsin G, reached a plateau
of about 50% of the initial PMN CD43 expression. This level
is reminiscent of the 50% down-regulation of CD43 observed
in vitro during PMN adhesion and migration across acti-
vated endothelium (16) or in vivo during PMN migration to
inflamed rheumatoid synovial fluids (43). This could reflect
an heterogeneity among CD43 molecules expressed on
PMN, half of them being less exposed to cathepsin G cleav-
age, possibly due to steric hindrance by cis-interacting mem-
brane molecules.
If PMN activation in whole blood only allows CD43 jux-

tamembranous cleavage by cathepsin G, while preventing
cleavages distant from the membrane, this would release the
entire extracellular domain of CD43, CD43s. CD43s has indeed
been described in human plasma and identified to the Galgp
protein (19). We addressed the question of a possible function
for CD43s, by analogy with soluble PSGL-1, which has been
shown to have anti-inflammatory functions (44). Interestingly,
soluble leukosialin has been reported to inhibit the adhesion of
colon carcinoma cells to endothelial cells (22). We postulated
that CD43s, acting as an E-selectin ligand (10, 11), could com-
pete with cell surface selectin ligands to reduce leukocyte roll-
ing. Our data confirm this hypothesis, because we show that
CD43s inhibits the E-selectin-dependent adhesion of neutro-
phils to endothelium under flow conditions, while it does not
interfere with their integrin-mediated static adhesion. CD43s
effects were observed at a concentration compatible with nor-
mal plasma concentrations (see “Results”). Moreover, CD43s
levels may be enhanced locally in inflamedmicrovessels, where
cytokine-activated neutrophils adhere to the endothelium, a
situation known to result in CD43 shedding (2, 16). The effect
of CD43s is reminiscent of the reported partial inhibition of
leukocyte rolling by recombinant Fc-PSGL-1, a complete inhi-
bition being only obtained with a mixture of PSGL-1 and L-se-
lectin blocking antibodies (44).
Therefore, CD43 shedding during neutrophil activation

results in fluid phase CD43s with adhesion regulatory func-
tions. The inhibition of PMN adhesion to endothelium by local
high concentrations of CD43s may participate to the decrease
of PMN recruitment required for the resolution of inflamma-
tion, as was proposed for selectins ectodomain shedding (1).
This has to be added to the numerous roles of O-glycosylated
membrane receptors in immune responses (45).

Neutrophil cathepsin G participates, together with elastase, to
the shedding of various adhesionmolecules or cytokine receptors
andhas been shown to interferewith neutrophilmigration by sev-
eral ways (reviewed in Ref. 46). Our data demonstrate a new func-
tion for cathepsin G, CD43 processing, which may be important
for leukocyte migration, in view of CD43 known participation to
leukocyte motility and trafficking (4, 37, 38).
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