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Abstract
During inflammatory bowel diseases, commitment of extra-
vased polymorphonuclear leucocytes (PMN) to apoptosis is
required for the resolution of inflammation. To investigate the
effect of transepithelial migration on PMN apoptotic rates,
PMN transepithelial migration was reproduced in vitro using
T84 intestinal monolayers. Transepithelial migration was
found to delay neutrophil apoptosis, and this survival effect
correlated with a downregulation of the surface expression of
Fas ligand (FasL) and with a decrease in both procaspases-3,
and -8 mRNA and procaspases-3, -6, -7 and -8 protein levels.
Moreover, neutrophil survival and FasL shedding mediated by
transepithelial migration were abrogated by a broad-spectrum
metalloproteinase inhibitor, BB-94. Although Erk1/2 and p38
MAPK were activated in transmigrated PMN, inhibition of
these MAP kinases did not impair transmigration-induced
PMN survival. Taken together, our results show that trans-
epithelial migration induces the downregulation of proapop-
totic proteins expression in transmigrated PMN, which results
in their increased lifespan.
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Introduction

Acute inflammation of the intestine is characterized by
polymorphonuclear leucocytes (PMN) migration first into
the mucosa, then across the epithelium and ultimately
into the intestinal lumen.1 Then, the efficiency of inflammatory
response is limited by the PMN’s short lifespan (within
72 h in blood stream), which die through the activation
of an apoptotic program.2 PMN apoptosis and sub-
sequent ingestion by macrophages are critical for their
release of cytotoxic substances.2–7 However, several
inflammatory mediators, such as host-derived cytokines IL-
1, IFN-g, GM-CSF, IL-8 or bacterial LPS have been shown
to increase PMN lifespan.8–11 Conversely, this delayed
apoptosis can be counterbalanced by others mediators
such as TNF-a, IL-10, activation of oxidative burst, or
phagocytosis of some bacterial species.4,12–16 The transmi-
gration process is initiated by the activation of neutrophils
stimulated by inflammatory agents. Then, PMN migra-
tion requires sequential engagement of PMN adhesion
molecules to their counter receptors on the endothelium,
within the extracellular matrix and finally, on the epithe-
lium.17,18 Activation of cell surface adhesion molecules
during PMN recruitment has been shown to modulate
apoptosis. For example, ligation of b2 integrins during
transendothelial migration delays neutrophil apoptosis.19 In
contrast, some other studies have shown that aggregation
and engagement of b2 integrin by antibody crosslinking or
during transendothelial migration could delay or promote
apoptosis depending on the presence of proapoptotic
stimuli.20,21 However, the role of transepithelial migration
regulating PMN that are recruited to digestive lumen remained
under investigation. Therefore, using T84 monolayers to
mimic the intestinal epithelial barrier, we sought to investigate
the effect of the transepithelial migration on PMN apoptotic
rate.

The Fas (APO-1; CD95)/Fas ligand (FasL) system plays a
crucial role in T-cell-mediated cytotoxicity,22 in the mainte-
nance of immune privilege,23 and regulating lymphocyte,24

eosinophil25 and monocyte26 homeostasis. In PMN, both Fas
and FasL are constitutively expressed on the cell surface and
therefore can induce cell death by both an autocrine or
paracrine mechanisms,25 although previous studies sug-
gested that spontaneous PMN cell death is not dependent
on Fas-mediated signaling.28,29

PMN apoptotic pathways can be controlled by activation
of mitogen-activated protein kinases (MAPK). Although
p38 MAPK is activated in dying PMN, and could be required
for activation of stress-induced PMN apoptosis, involve-
ment of p38 MAPK in spontaneous and Fas-dependent
apoptosis is still controversial.30–32 Albeit still discussed,
the activation of Erk pathway has been shown to participate in
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the delay of constitutive apoptosis mediated by inflammatory
mediators such as IL-8, LPS and GM-CSF.11,33

In this study, we show that transepithelial migration of PMN
induced by IL-8 or FMLP delays PMN apoptosis. Increased
survival of transmigrated PMN was associated with a
decrease of surface FasL, and of procaspases-3, -6, -7 and
-8 expression, while activation of Erk and p38 MAPK do not
appear to be involved in transmigration-mediated PMN
apoptotic protection.

Results

Migration of PMN across intestinal epithelial
monolayers delays their apoptosis

To determine the effect of epithelial transmigration on
PMN apoptosis, physiologically or nonphysiologically directed
migration of PMN through T84 intestinal epithelial mono-
layers was induced either with IL-8 or FMLP at 371C. Tunel
assays were then used to evaluate the effect of
the transmigration process on the kinetics of DNA fragmenta-
tion. Apoptotic rates of transmigrated PMN were compared
with those obtained from nonmigrated PMN incubated
in HBSS, IL-8 or FMLP in the absence of T84 monolayers.
As shown in Figure 1a, induction of apoptosis was similar
in cells incubated for 12 h in HBSS alone or in the presence of
IL-8 or FMLP. In contrast, the extent of apoptosis in
PMN (Tunel positive) that was transmigrated in response to
either IL-8 or FMLP was significantly lower, regardless of the
migration sense (physiological, or basolateral-to-apical ver-
sus nonphysiological, or apical-to-basolateral). These data
suggest that transmigration induced an apoptotic delay in
PMN that was independent of the polarization of the epithelial
cells.

Delay in PMN apoptosis correlates with a
decreased expression of procaspases-8, -3, -6 and
-7

Considering the similar effect that IL-8 and FMLP exert
on PMN apoptosis, we now used only IL-8 throughout the
study.

To further investigate the mechanism underlying PMN
survival, we assessed the expression of procaspases-3, -6, -7
and -8 after different treatments. As shown in Figure 2, the
level of procaspase-8 expressed by transmigrated PMN was
not modified for up to 6 h, then abruptly declined by 12 h.
Interestingly, a rapid decrease in procaspase-8 was detected
in PMN as soon as 4 h after exposure to IL-8, which was
comparable to the decrease in procaspase-8 induced by
incubation in HBSS at 371C (data not shown). The levels of
procaspases-3, -6 and -7 were progressively decreased in
PMN during their transmigration. Whereas the p17 active
forms of caspases-3 and -7 and the p11 active form of
caspase-6 could be detected in control PMN incubated in
HBSS at 371C (not shown), or during stimulation by IL-8,
caspases remain uncleaved in transmigrated cells (Figure 2).
Accordingly, and compared to control PMN kept in HBSS (�)
at 41C, a 6–10-fold increase in caspase-3 activity was
observed in control PMN incubated in HBSS at 371C, in

IL-8-activated PMN, or in nontransmigrated PMN remaining
in the upper chamber during 6 h. This spontaneous caspase
activation was dramatically reduced in transmigrated
PMN (Figure 3a), and a similar profile of caspase-3 activity
in PMN was obtained after 12 h of transmigration or treatment
(Figure 3b).

To better delineate the mechanisms underlying the
reduction on procaspases induced by PMN transmigration,
mRNAs encoding caspases-3 and -8 were quantitated by
Northern blot analysis. As shown in Figure 3c, the basal
level caspase-3 mRNA was already severely reduced after IL-
8 treatment, but it was almost undetectable in trans-

Figure 1 The apoptotic program of PMN is delayed during transmigration. (a)
PMN were kept in HBSS (�) at 41C or were incubated either in HBSS alone
(HBSS), IL-8 (IL-8) or FMLP (FMLP) during 12 h at 371C. Transmigration assays
were performed through inserted monolayers (TM/IL-8 (insert)) or (TM/FMLP
(insert)) for the nonphysiological direction, and through inverted monolayers (TM/
IL-8 (invert)) or (TM/FMLP (invert)) for the physiological direction. Tunel assays
were performed to detect apoptotic PMN and the percentage of apoptotic cells
are given for each condition (data are representative of at least three
independent experiments)
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migrated PMN. In contrast, caspase-8 mRNA was only slightly
reduced in IL-8 treated PMN, but it was also undetected in
PMN after 12 h of transmigration. As a loading control,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA amounts were similar in PMN from all the three
conditions (Figure 3c).

FasL expression decreases in transmigrated PMN

To characterize the survival mechanism involved in the
antiapoptotic effect of transepithelial migration, Fas (CD95)
and FasL expression were analyzed after PMN transmigra-
tion. As shown by flow cytometric analysis, transmigration
failed to affect cell surface expression of Fas on PMN after 4 h
of transmigration through T84 monolayer, whereas CD11b

Figure 2 Transmigration induces a decrease in procaspases-8, -3, -6 and -7
expression in PMN. Immunoblot analysis of procaspases-8, -3, -7 and -6
activation during a time course of IL-8-induced transmigration. Profiles of
procaspases expression in PMN control kept at 41C in HBSS (�) (Ctl) (to show
the endogenous levels of caspases) or after transmigration assays (TM) were
compared to those obtained after stimulation by IL-8 during the same period (IL-
8). Fas-induced apoptosis was used as positive control for caspases-8, -3 and -6
activation in PMN by incubation with an agonistic anti-Fas antibody CH11 (1 mg/
ml; Immunotech) during indicated time (CH11). PMN supernatant lysates (50 mg)
were probed with antibodies to caspases-8, -3, -7 or -6. Equal protein loading was
confirmed by reprobing membranes with an Ab recognizing unphosphorylated
p38 MAPK, as shown in Figure 6 (data are representative of at least three
independent experiments)

Figure 3 Caspase-3 activity assays were performed after 6 h (a) or 12 h (b) of
transmigration assay (TM) or treatment. PMN were stimulated with IL-8,
incubated in HBSS at 371C (HBSS), or collected from the upper chamber after
the transmigration assay (NTM). Values obtained for each condition were
compared to those obtained from PMN control kept in HBSS (�) at 41C, and
reported as fold increase. The results represent the average value (+S.D.) from
five independent experiments. (c) Northern blot analysis of caspases-3 and -8
mRNA expression in PMN control kept in HBSS (�) at 41C (Ctl), or after 12 h of
IL-8-induced transmigration assay (TM), or after stimulation by IL-8 during the
same period (IL-8). Expression of caspases-3 and -8 mRNA in Jurkat cells (JK)
was used as a positive control. Membranes were stripped and reprobed with
GAPDH probe to control for equal RNA loading in each condition (GAPDH) (data
are representative of at least three independent transmigration assays)
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expression was upregulated, as we have previously shown in
transmigrated PMN (Figure 4a).34 FasL expression by PMN
was first investigated by reverse-transcriptase polymerase
chain reaction (RT–PCR) assays. The expected 803 bp
amplicons were detected in PMN control, and in Jurkat cells

stimulated with 10 ng/ml 12-myristate 13-acetate (PMA) used
as positive control. In contrast, mRNA from PMN collected
after 12 h of transmigration do not show FasL expression.
Moreover, flow cytometric analysis indicated a decrease in
FasL surface expression in transmigrated PMN, whereas IL-8
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treatment alone did not affect FasL expression (Figure 4c).
Previous reports have shown that FasL could be shed in a
biologically active soluble form (sFasL) by an unidentified
metalloproteinase.35 In the aim to establish a putative causal
relation between FasL cleavage and the antiapoptotic effect
that transmigration exerts on PMN, two series of experiments
were conducted. First, assessment of surface FasL expres-
sion by confocal microscopy revealed a similar decay in FasL
expression on PMN subjected to migration through either an
intestinal epithelial monolayer or an acellular filter (Figure 4d).
Furthermore, as assessed by confocal microscopy and flow
cytometry, transmigration-induced FasL decrease was abro-
gated in the presence of BB-94, a broad spectrum matrix
metalloproteinase (MMP) inhibitor (Figure 4c, d). Then, the
role of FasL cleavage in the survival effect of transmigration
was addressed by preincubating PMN with BB-94 prior to a
12 h migration experiment. As shown in Figure 4e, FasL
shedding was associated with a low apoptotic rate in
transmigrated cells (42.5%), whereas inhibition of FasL
cleavage restored high apoptotic rate in transmigrated PMN
(77%). Altogether, these results underscore the involvement
of FasL cleavage in the survival effect mediated by PMN
transmigration.

Fas receptor expressed by transmigrated PMN
remains functional

Since transmigration induces a decrease in caspases-3 and –
8, we investigated whether this downregulation process was
associated with a reduced susceptibility to Fas-induced
apoptosis in transmigrated cells. In this aim, PMN were
treated with the anti-Fas mAb CH11 (1 mg/ml) during 6 h after
12 h of transmigration or incubation in IL-8. As indicated by
TUNEL assays, Fas induces apoptosis in both transmigrated
and IL-8 stimulated cells. Although Fas remains functional
after transmigration, caspases inhibition by ZVAD-fmk pre-
treatment fails to rescue transmigrated PMN from Fas-
induced apoptosis (Figure 5a). Consistent with these results,
caspases activity in transmigrated cells remains weak after
treatment by CH11. Fas-induced apoptosis in transmigrated
cells was not associated with caspases activation, indicating a
caspase-independent apoptotic pathway. Opposite to these
results, caspase-3 was activated during Fas-induced apop-
tosis in IL-8 stimulated cells.

Activation of Erk and p38 MAP kinase is not
involved in PMN apoptotic delay mediated by
transepithelial migration

As activation of Erk1/2 (p42/p44), p38 MAPK or Jun kinase
(JNK) has been shown to be involved in the control of
apoptosis,36 we investigated the effect of PMN transmigration
process on MAP kinases activities. Time courses of different
MAP kinases activation in PMN were followed by Western blot
analysis using phospho-specific Abs to Erk1/2, p38 MAP
kinases or JNK. As shown in Figure 6a, Erk 1/2 remained
inactive in control cells, whereas IL-8 transiently activates
Erk1/2 with a peak at 6 h. Transmigration process increased
the level of Erk1/2 phosphorylation in a sustained fashion for a
least 12 h (Figure 6a). Activation of p38 and JNK was also
detected in response to IL-8 in migratory and in non migratory
conditions. Therefore, we investigated a possible causal
relation between Erk, p38 MAPK and JNK activation and the
control that transmigration exerts on PMN apoptosis. Specific
inhibitors of these pathways were tested on PMN exposed to
IL-8 in migratory or non migratory conditions. PMN were
pretreated with PD98059 (10 mM), SB203580 (10 mM) or
SB202190 (10 mM) to respectively inhibit Erk1/2, p38 MAPK
(a and b isoforms) or both p38 and JNK. As evidenced by
Tunel DNA staining, the inhibition of Erk1/2, p38 MAPK and
JNK was without any effect on the onset of the apoptotic rate
in transmigrated PMN (Figure 6b). At variance with these
results, inhibition of Erk1/2 of PMN exposed to IL-8 had no
significant effect on the onset of their cell death, whereas
inhibition of p38 MAP kinase activity delayed PMN apoptosis.

Discussion

Massive migration of PMN across the colonic epithelium
constitutes the earlier effective response observed during
bacterial colitis or in the acute phase of inflammatory bowel
diseases.1 Accumulation of PMN in tissues could enhance the
inflammatory response while the induction and control of
neutrophil apoptosis, followed by their phagocytosis by
macrophages is crucial for the resolution of the inflamma-
tion.2–4 Although several inflammatory stimuli have been
shown to control PMN apoptosis, the role of transepithelial
migration on their apoptotic program remained to be
determined. To address this question, we have used an

Figure 4 Fas (CD95) and FasL expression in PMN. (a) Untreated PMN (before TM) or after 4 h of transmigration assays (after TM) were analyzed for Fas (CD95) and
CD11b surface expression by flow cytometry using specific mAb to Fas (ZB4, Immunotech) or to CD11b (OKM1, ATCC). CD11b staining was performed as a positive
control for transmigration induced upregulation of cell surface adhesion receptor expression (CD11b). PMN were also stained with an irrelevant IgG as negative control
(IgG). Bars represent the average of mean fluorescence intensity from five independent experiments. (b) RT–PCR assays for FasL mRNA. Primers were designed to
yield an 803 bp product. RNA from Jurkat cells stimulated with PMA served as positive control (JK). FasL mRNA expression was analyzed in PMN control kept at 41C, or
after 12 h of transmigration induced by IL-8 (TM). RT-negative amplifications showed no product in the positive control (data not shown), and equal cDNA loading was
verified by amplifying actin mRNA. (c) Analysis of cell surface expression of FasL on PMN control kept in HBSS (�) buffer at 41C (Ctl), after 4 h of incubation in IL-8 (IL-
8), or after 4 h of transmigration either in the absence (TM), or in the presence of 10 mM of BB-94 during 4 h of transmigration assay (TM+BB-94). Cells were stained with
anti-human FasL (Santa Cruz Biotechnology) directed against an extracellular epitope of the molecule. The staining was then analyzed by flow cytometry. Staining with
antibodies to CD11b was used as a positive control (CD11b) and irrelevant IgG as a negative control (IgG). Data are representative of three independent experiments.
(d) Confocal analysis of FasL cleavage inhibition by a MMP inhibitor (BB-94). PMN control (1� 106) (Ctl) or after 4 h of transmigration assay were stained with anti-FasL
antibody (Santa Cruz Biotechnology) followed by secondary antibody linked to FITC. Staining of transmigrated PMN treated with BB-94 (TM+BB94) was compared to
those obtained after transmigration through T84 cells (TM/T84 cells) or through acellular filters (TM/Filters). (e) Assessment of PMN apoptosis by annexin-V and
propidium staining. Apoptotic cell population is reported as the addition of R1, the lower right area R1 (early apoptotic events), and R2 the upper right area R2 (late
apoptosis). PMN were kept at 41C in HBSS (�) in the absence (Ctl) or in presence of BB-94 (Ctl+BB94), or were stimulated by IL-8 (IL-8) during 12 h. PMN were also
used for an IL-8-induced transmigration assay, in absence (TM), or in presence of BB-94 (TM+BB94) for a total of 12 h (data are representative of at least three individual
experiments)
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in vitro model that mimics massive PMN transepithelial
migration. By using Tunel DNA staining, we found that the
transepithelial migration process by itself prolonged the PMN
lifespan regardless the chemoattractant used (IL-8 or FMLP).
Since we have previously shown that most of the PMN added
in the upper chamber migrate across T84 cells after 12 h of
experiment, this survival effect of the transmigration process
cannot be accounted to the selection of a longer-lived PMN
subpopulation.37 Moreover, transmigration-mediated neutro-
phil survival could not be because of contact with T84 cells or

Figure 5 (a) Caspase-3 activity and (b) Tunel analysis of Fas-induced PMN
apoptosis after transmigration. After 12 h of transmigration induced by IL-8 (TM),
or incubation in IL-8 during the same period (IL-8), PMN were treated with CH11
antibody (1 mg/ml) during 6 h. In the aim to investigate the involvement of
caspases activation during Fas-induced apoptosis, PMN were preincubated with
the fluoromethyl ketone inhibitor ZVAD-FMK (200 mM; Alexis Corporation) for 2 h
before transmigration assay (performed in presence of ZVAD-CHO) and CH11
treatment. (a) Caspase-3 activity obtained for each condition was compared to
those obtained from PMN control kept in HBSS (�) at 41C, and reported as fold
increase. (b) Tunel assays were performed to detect apoptotic PMN and
percentage of apoptotic cells are given for each condition. The results are
representative of the average value (+S.D.) from three experiments

Figure 6 Activation of Erk and of p38 MAPK is not involved in the
transmigration-induced PMN survival. (a) Effects of transmigration on Erk, p38
MAPK and JNK kinase activation in PMN were analyzed by immunoblotting using
Abs against phosphorylated forms of Erk1/2, p38 MAPK and JNK. During the
indicated periods, control PMN were kept at 41C in HBSS (�) (Ctl), stimulated
with IL-8 (IL-8), or collected after 4–12 h of transmigration assays (TM) as
indicated. Equal protein loading was confirmed by reprobing membranes with
Abs recognizing Erk2, and p38 MAPK irrespective of their status of
phosphorylation. (b) Apoptotic PMN were detected by Tunel DNA staining and
flow cytometric analysis after 12 h of treatment or transmigration. PMN were kept
in HBSS (�) at 41C (Ctl), or in HBSS at 371C (HBSS). PMN were also stimulated
with IL-8 (IL-8), or used for transmigration assays (TM). At 2 h before IL-8-
stimulation, or before the transmigration assays, Erk, p38 or both p38 and JNK
were inhibited by preincubating PMN in PD98059 (20 mM; Calbiochem) in
SB203580 (10 mM; Calbiochem) and in SB202190 (10 mM, Calbiochem),
respectively (data shown are representative of five independent experiments)
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to antiapoptotic cytokines secreted by these cells. First, the
sole contact of PMN with T84 cells in the presence of IL-8 did
not prevent caspase-3 activation and spontaneous apoptosis
(unpublished data). Second, only small amounts of antiapop-
totic cytokines such as GM-CSF and IL-1b were detected in
transmigration medium, and neutralization of these cytokines
with specific antibodies had no effect on PMN apoptosis
(unpublished data). Although the exact role played by
enterocytes in PMN survival remains to be elucidated, our
findings indicate that the transepithelial migration process
itself is necessary to delay PMN apoptosis. Consistent with
our results, previous data have shown a prolonged lifespan of
extravased PMN following either in vitro transmigration across
endothelial barrier or in vivo transmigration into the lung.19,38

This prolonged PMN lifespan is likely to be associated with an
increased functionality, since we have previously shown an
increased phagocytosis of Escherichia coli by transmigrated
PMN.34

To further characterize the survival mechanisms involved in
the antiapoptotic effect of transepithelial migration, we have
investigated the role of the Fas/FasL pathway in PMN in this
process. In accordance with previous studies, our results
clearly indicate that PMN constitutivelly express FasL.27,39

Furthermore, whereas Fas (CD95) expressed on PMN
remained unaltered, FasL was rapidly cleaved during trans-
migration. Consistent with these findings, previous data have
shown the presence of a high level of soluble FasL (sFasL) in
serum from patients with inflammatory diseases.40 Moreover,
the present work provides evidence suggesting that a
decrease in FasL on PMN was involved in the antiapoptotic
effect of transmigration, probably by preventing both para-
crine and autocrine interactions between Fas and FasL on
PMN surface. In this regard, the metalloproteinase inhibitor
BB-94 prevented FasL shedding and abrogated the anti-
apoptotic effect of PMN transepithelial migration. It is
interesting to note that pretreatment of T84 cells with the
metalloproteinase inhibitor BB-94 did not affect FasL shed-
ding in transmigrated PMN, suggesting that activation of PMN
metalloproteinase(s), but not T84-metalloproteinases, is
responsible for FasL cleavage (unpublished data). We have
also investigated the role of caspase activation in regulating
apoptosis of transmigrated PMN. We have found that in non
migrating conditions, caspase-8 activation was observed first
and it was followed by caspases-3 and -7 activation. These
data are consistent with previous studies showing that active
caspase-8 could trigger an amplification caspase activation
cascade.41

Interestingly, we observed that in transmigration conditions,
there is a pronounced decrease in procaspases-8, -3, -6 and -
7 expression that also correlated with a reduced caspases-3
and -8 mRNA expression. Given the crucial role of caspases-8
and -3 activation in the induction and execution of neutrophil
apoptosis,41,42 we hypothesize that transmigration-mediated
downregulation of caspases accounts for the resistance to
apoptosis of extravased PMN. Nonetheless, despite of this
decrease in caspase expression and activity, Fas receptor is
still functional and induces apoptosis in transmigrated cells.
Consistent with downregulation in caspases expression,
caspase inhibition fails to impair Fas-induced apoptosis
supporting the evidence of a caspase-independent apoptotic

process in transmigrated cells. However, further studies will
be needed to characterize the molecular events involved in
these processes. Consistent with our findings, the apoptotic
delay observed in PMN isolated from the inflammatory sites or
from patients with inflammatory bowel diseases was also
associated with reduced expression levels of cas-
pases.36,43,44

MAP kinases have been implicated in the regulation of
apoptosis.36 In our conditions, the Erk pathway was activated
in response to IL-8 and was enhanced by the transmigration
process. However, inhibition of Erk by the specific inhibitor
PD98059 failed to affect the transmigration-mediated apop-
totic delay in PMN. These results are in agreement with
previous data indicating that activation of PMN spontaneous
apoptosis was Erk independent.11,30,45

Similarly, p38 MAPK and JNK activation induced by IL-8
was also enhanced by transmigration, but inhibition of these
enzymes did not modify the onset of apoptosis in transmi-
grated PMN. These results indicate that p38 MAP kinases are
not involved in the antiapoptotic effect of the transepithelial
migration. In contrast, inhibition of p38 MAPK and JNK
activation in non migrating conditions strongly diminished the
PMN apoptotic rate, suggesting that activation of these
enzymes is required for neutrophil spontaneous apoptosis.
The apoptosis-promoting effect of p38 activity in PMN
spontaneous apoptosis has also been reported by Aoshiba
et al.,31 which have observed that p38 MAPK was constitu-
tively active during spontaneous apoptosis, and that inhibition
of this enzyme delayed this process.

In summary, our data provide the first evidence that
transepithelial migration of activated PMN hinders their
programmed cell death by inducing FasL shedding. This
increased PMN survival was also correlated with a down-
regulation of caspases expression in transmigrated cells. By
increasing PMN survival and function, the transepithelial
migration process facilitates the adaptive response to
infectious challenge.34 Nevertheless, during the acute phase
of inflammatory diseases, which is characterized by massive
PMN recruitment, the downregulation of proapoptotic proteins
in transmigrated PMN might contribute to their accumulation,
hence leading to tissue injury and development of chronic
inflammation.1,2,17,46

Materials and Methods

PMN isolation and cell culture

Human PMN were isolated from whole blood using a Ficoll gradient
followed by gelatin sedimentation. Residual erythrocytes were lysed with
isotonic ammonium chloride and PMN were washed in HBSS (�) (without
Ca2+ and Mg2+) (Sigma-Aldrich), as previously described.34,47 PMN (95%
pure) with 98% viability by trypan blue exclusion were resuspended in
HBSS (�) and kept at 41C before being used within 1 h after isolation.

The human colonic carcinoma cell line, T84 (passages 60–90) was
obtained from the American Type Culture Collection (ATCC, Rockville,
MD, USA). T84 cells were grown and maintained as confluent monolayers
on collagen-coated permeable supports in medium (1 : 1 mixture of DMEM
and Hanks F-12), supplemented with 15 mM HEPES buffer (pH 7.5),
14 mM NaHCO3, 40 mg/ml penicillin, 90 mg/ml streptomycin, 8 mg/ml of
ampicillin and 5% (v/v) heat-inactivated FBS. Inverted monolayers were
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grown on collagen-coated 0.33 cm2 ring-supported polycarbonate filters
(Costar, Cambridge, MA, USA) and inserted monolayers were grown on
collagen-coated 5 cm2 filters. Monolayers were utilized 6–10 days after
plating as previously described.48

Transmigration assay

PMN transmigration assays were performed at 371C as previously
described using low-attachment Costar plates (Cambridge, MA,
USA).17,47,49 T84 cells were seeded on filters and were washed in HBSS
(Sigma-Aldrich) before PMN transmigration assays. To allow a
chemotactic gradient agent to form before transmigration assays,
100 ng/ml IL-8 or 10�7 M FMLP in HBSS was applied in the lower
chamber 15 min before adding PMN to the upper chamber. For
basolateral-to-apical (physiological sense) directed PMN-transmigration
assays, 5� 106 PMN (25� 106 cells/ml) were added in the upper
chambers of inverted monolayers grown on 0.33 cm2 filters. For the apical-
to-basolateral (nonphysiological sense) directed transmigration assays,
15� 106 PMN (40� 106 cells/ml) were added in the upper chambers of
inserted monolayers grown on 5 cm2 filters.47 Since apical-to-basolateral
transmigration allowed more PMN to be harvested, this pathway was used
for biochemical experiments. The number of PMN that transmigrated into
the lower chambers were assayed by quantification of azurophil granule
marker myeloperoxidase (MPO), as previously described.37,47,49

As negative control, PMN (2� 106/ml) were kept in HBSS(�) at 41C, or
were incubated in ultra-low-attachement Costar plates in the presence of
100 ng/ml IL-8 or in 10�7 M FMLP diluted in HBSS.

The MMP inhibitor BB-94 was kindly provided by British Biotech. This
agent (10 mM) was added to PMN for 1 h before transmigration assays and
diluted in the transmigration medium during transmigration assays.

TUNEL assay, FITC-labeled annexin-V and
propidium iodide staining to detect apoptosis

TUNEL assays were performed using the In Situ Cell Death Detection Kit
(Roche, Mannheim, Germany), following the manufacturer’s protocol.
After staining, mean fluorescence intensity (MFI) was quantified on 20 000
cells using a FACScant flow cytometer (Becton Dickinson, Rutherford,
NJ, USA).

Briefly, PMN (106) were incubated with fluorescein isothiocyanate
(FITC)-labeled annexin-V (Roche) diluted in HNS buffer (10 mM HEPES–
NaOH (pH 7.4), 140 mM NaCl, 5 mM CaCl2) for 30 min at 371C in the dark,
as specified by the manufacturer. Propidium iodide (10 mg/ml) was added
to the cell suspension just before analysis by flow cytometer.

Detection of Fas and FasL cell surface expression

A total of 106 PMN were suspended in blocking buffer (PBS, 0.1 mg/ml
human Ig, 0.1% BSA (v/v), 10mg/ml goat serum) and incubated for 30 min
at 41C. Then cells were stained using anti-Fas antibody (ZB4, 10 mg/ml;
Immunotech, Luminy, France), or anti-FasL antibody (10 mg/ml; Santa
Cruz Biotechnology, Inc), followed by incubation with FITC-labeled rabbit
anti-mouse or goat anti-rabbit secondary antibody (dilution 1 : 20; Dako,
Glostrup, Denmark). Cells were then whashed in PBS and fixed in 0.4%
formaldehyde. At least 10 000 cells per sample were analyzed on a
FACScant flow cytometer (Becton Dickinson). PMN were stained with
anti-CD11b (OKM1, ATCC) or with isotype-matched control antibodies as
positive and negative controls, respectively.

Immunoblot analysis

Briefly, PMN were washed in PBS and resuspended in ice-cold lysis buffer
(10 mM HEPES, 3.5 mM MgCl2, 150 mM NaCl, 1% NP40, 1 mM Na3VO4,
1 mM PMSF, 25mM leupeptin, 5 mM benzamidine, 1 mM pepstatin, 25mM
aprotinin, 50 mM sodium b-glycerophosphate, 20 mM NaF, 0.5 mM DTT;
all from Sigma-Aldrich).37 Protein lysates (50 mg) were subjected to SDS–
PAGE and subsequently electrophoretically transferred onto nitrocellulose
membranes. The membranes were incubated in blocking buffer and then
probed with the primary antibody overnight at 41C. After incubation with
peroxidase conjugated secondary antibody (rabbit anti-mouse Ig, dilution
1 : 5000 or goat anti-rabbit Ig, dilution 1 : 10.000; both from Dako),
antigens were visualized by enhanced chemiluminescence detection (ECL
kit, Amersham Pharmacia Biotech). The antibodies used were anti-Erk2
(Santa Cruz Biotechnology, Inc.), anti-phospho Erk1/Erk2 (New England
Biolabs Inc.); anti-phospho p38 MAP kinase (Thr180/Tyr182) (New
England Biolabs Inc.); anti-p38 MAP Kinase (New England Biolabs Inc);
anti-SAP Kinase (New England Biolabs Inc); polyclonal anti-phospho Jun
Kinase (Promega corp.); anti-caspase-8 (N-19) (IgG isotype clone
obtained from Santa Cruz Biotechnology, Inc.) all diluted at 1 : 1000.
The antibodies to caspase-6 (IgG1 isotype clone B93-4 obtained from BD
PharMingen), caspase-3, (IgG2a isotype clone 19 purchased from
Transduction Laboratories) and caspase-7 (IgG1 isotype clone B94-1
obtained from Transduction Laboratories) were used at 0.25–1 mg/ml.

DEVD-PNA cleavage assay

Caspase activity was measured using a colorimetric assay. Briefly, PMN
were resuspended in PBS containing 2 mM DTT at 41C. After sonication
for 8 s bursts, cells lysates (100 mg) were incubated with 200 mM of Acetyl-
Asp-Glu-Val-Asp-pNA (Ac-DEVD-pNA) (Alexis Corporation, San Diego,
CA, USA) which is preferentially cleaved by caspase-3. Release of pNA
was monitored continuously at 371C by using an excitation wavelength of
410 nm and specificity of the caspase assay was controlled by adding to
cell extracts an apopain/CPP-32 inhibitor (DEVD-CHO) (100 mM) (Alexis
Corp.). Results were expressed as pmol/min/mg protein.

RNA extraction, Northern blot analysis and
RT–PCR assays

PMN were washed in HBSS (�) buffer before total RNA was extracted by
TRIzol reagent (Gibco) according to the manufacturer’s instruction. RNAs
(15 mg/sample) were fractionated by electrophoresis in a 1% agarose gel
containing 1.2% formaldehyde, transferred onto a Hybond-N+ nylon
membrane, and hybridized sequentially with 32P-labeled DNA probes
specific for procaspase-3, procaspase-8 or glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) at 421C overnight. FasL expression was
controlled by performing RT–PCR. Total RNA was treated with RNAse-
free DNAse I and reversely transcribed using a SuperSciptt Reverse
Transcriptase (Life Technology, Gaithersburg, MD, USA). PCR was then
performed from cDNA using the following primers pairs, respectively:
human CD95L: 50-ATGCAGCAGCCCTTCAATTAC-30 and 50-TTGACCA-
GAGAGAGCTCAGAT-30. PCR products were loaded on a 1.2% agarose
gel and vizualized with ethidium bromide. The expected length of the
amplicons is 803 bp.

Statistical analysis

Statistical significance was determined using Student’s t-test, and values
were expressed as the mean and S.E.M. of n number of experiment.
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