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ABSTRACT: The purpose of this study was to investigate a possible
relationship between human umbilical vein endothelial cells (EC)
triggered by lonophore A23187 at different doses (0.5-2.5 pM) and
polymorphonuclear neutrophils (PMN). EC supernatants were shown to
contain neutrophil chemoattractant activity (NCA) and in parallel a
factor inducing an Inhibition of PMN chemiluminescence (PMN CL).
Supernatants obtained from EC triggered by A23187 exhibited a high
level of NCA (7325 PMN-hpf' compared to 2124 PMN'hpf! in
untreated EC supernatants, p<0.01). This NCA was Independent from
arachidonic acid metabolites, since indomethacin and nordi-
hydroguaiaretic acid failed to suppress the chemotactic activity. Using
gel filtration chromatography (AcA 54) the NCA was recovered in a
single peak of apparent molecular welght of 37,000+4,000 daltons,
Checkerboard analysis indicated that NCA exhibited both chemotactic
and chemokinetic activities. In addition, supernatants of A23187-
stimulated EC, and at a lesser degree, supernatants of unstimulated EC,
inhibited PMN CL induced by N-formyl- Methionyl-Leucyl-Phenylalanine
(61% inhibition, p<0.05), and by A23187 itself (80% Inhibition, p<0.01),
but not that induced by phorbol-myristate-acetate. Indomethacin and
protamine sulphate did not modulate this inhibitory activity. By
contrast, EC-derived inhibitory activity was Inhibited (50%) by an
adenosine antagonist (8-phenyltheophylline), indicating a participation of
adenosine in this inhibitory activity of PMIN CL. These data suggest the
possibility that activated endothellal cells could both enhance PMN
migration and protect themselves against potential damaging effects of
oxygen metabolites produced by PMN, particularly during transvascular
migration.
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In lung diseases, a variety of disorders are known to
involve influx of neutrophils into the alveolar structures
[1, 2]. The stimulus for accumulation of neutrophils
appears to be supported by alveolar macrophages as a
source of chemotactic factors [3, 4]. More recently,
endothelial cells have been proposed as an alternative
source of recruiting factors. In this context, it has been
shown that endothelial cells could release neutrophil
recruiting factors either spontaneously [5] or in response
to several stimuli such as hypoxia [6], thiourea [7],
angiotensin II [8], and histamine [9]. Since activated
neutrophils are able to generate toxic oxygen
metabolites, it seems reasonable to hypothesize that
endothelial cells, like other cells, employ a variety of
scavenger mechanisms to protect themselves from oxi-
dant attacks. Such defences include glutathione redox
cycle, catalase [10, 11], prostacyclin which modulates
aggregation and migration of activated neutrophils [12],

and adenosine which seems to inhibit O,” and H,0,
release from stimulated neutrophils by engaging specific
adenosine A, receptors at their surface [13].

Because endothelial cells are potentially able to
produce both neutrophil recruiting factors and potent
inhibitors of oxygen radical production such as adeno-
sine, we investigated whether these two activities could
be simultaneously demonstrated in an in vitro model
using ionophore A23187 as a stimulating agent of
endothelial cells.

Materials and methods
Isolation and culture of endothelial cells

Endothelial cells (EC) were obtained from human
umbilical veins, using the method of JArree et al, [14],
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slighly modified. Briefly, EC were collected from
umbilical cords treated by 0.2% (v:v) collagenase
(Sigma Chemical Co., St Louis, MO) in Hanks balanced
salt solution (HBSS) (M.A. Bioproducts, Walkerville,
MD). EC were isolated, suspended at approximately
1-2 x 10% cells'ml* in RPMI 1640 (gibco, Grand
Island, NY) containing 25 mM Hepes (M.A,
Bioproducts), 2 mM L-glutamine, 100 U-ml? penicillin,
100 pg'ml! streptomycin (all from Sigma), supple-
mented with 20% (v:v) heat-inactivated foetal calf
serum, 100 pg'ml! heparin, and 25 pg:ml* endothelial
cell growth supplement (Sigma). EC were then cultured
in 35 mm diameter tissue culture wells (Falcon, Los
Angeles, CA) and maintained in a humidified atmos-
phere of 5% CO, in air at 37°C. The medium was
changed twice a week and the cultures reached
confluency in 5 or 7 days. EC were then detached by
incubation with 5 mM ethylene diamine tetraacetic acid
(EDTA) (Sigma) in phosphate buffered saline (PBS) for
10 min at 37°C, centrifuged at 500 g for 10 min,
resuspended in fresh medium and further cultured in 16
mm diameter tissue culture wells (NUNC, Denmark).
The secondary culture reached confluency in 3-5 days.
Only second passage EC cultures were used in these
studies. Morphology and detection of factor VIII related
antigen (FVIII-R:Ag) by indirect immunofluorescence
were used to check purity of the cultures.

Isolation of human PMN

Granulocytes were collected from heparin-treated
peripheral blood from healthy volunteers and purified
by centrifugation over Ficoll-Hypaque (Pharmacia Fine
Chemicals AB, Uppsala, Sweden) followed by dextran
sedimentation and hypotonic lysis of the contaminating
erythrocytes, as described by Boyum [15]. The
granulocyte pellet was washed in PBS and resuspended
at 1 x10% cells'ml! in HBSS. Cell preparations
contained more than 95% PMN and >90% of viable
cells as defined by trypan blue exclusion.

Preparation of activated EC supernatants

For the preparation of EC supernatants, all EC
cultures were used after they reached confluency (1.6-
2.2 x 10° cells'well!). Each well was washed three
times with HBSS. Ionophore A23187 (0.5-2.5 uM at
final concentration) was added to cell cultures.
Preliminary time-course kinetic experiments have shown
a dual detectable neutrophil chemoattractant and PMN
chemiluminescence inhibitory activity as early as 15
min, reaching a plateau within 30-90 min. For these
reasons, an incubation time of 30 min was chosen for
all the studies reported here. After 30 min incubation
at 37°C, EC supernatants were recovered, centrifuged
(500 g for 10 min) and kept on ice until tested. In
some experiments, 1 mM dibutyryl cyclic adenosine
monophosphate (dibutyryl-cAMP, Sigma), 10 uM 8-
phenyltheophylline (Aldrich Chem. Corp.) were added

to EC supernatants before testing. To evaluate the
participation of arachidonic acid metabolites, 10 pM
indomethacin, or 10 pM nordihydroguaiaretic acid
(NDGA) (all from Sigma) were added before EC
A23187-triggering.

Studies of PMN motility

The chemotaxis assay was carried out with a 48-well
microchemotaxis assembly (Neuroprobe, Cabin John,
Md, USA) [16] in which the upper and lower com-
partments were separated by a 3 um pore polycarbonate
filter (Nucleopore Corp., Pleasanton). The lower
chambers were filled with 24 pl of activated EC
supernatants, A23187 alone in HBSS, HBSS alone as
negative control, and 1 pM fMLP (N-formyl-MET-
LEU-PHE, Sigma) in HBSS as positive control. The
upper chambers were filled with 45 pl of PMN
suspension (1 x 10° cells'ml? in HBSS) and incubated
for 30 min at 37°C in humidified air with 5% CO,.
Following incubation, the filters were removed, fixed
and stained in May Griinwald Giemsa. The number of
neutrophils which have migrated through the filter was
determined microscopically using an immersed oil
objective. Four fields were examined and counted per
well. Experiments were conducted in quadruplicate.
Results were expressed as the difference between the
mean number of cells per field in the experimental well
and the mean number of cells per field in the control
wells (migration towards medium). Statistical analysis
was performed by using two way analysis of variance.
Checkerboard analysis for chemotaxis versus chemoki-
nesis of column effluents from activated EC super-
natants was performed as described by Ziomonp and
HirscH [17].

Chemiluminescence

Chemiluminescence (CL) was assessed as described
by Descamp-LATSCHA et al. [18]. Briefly, PMN
suspensions (1 x 10° cells'ml?’) were diluted in HBSS
and kept at 4°C before testing. Seventy microliters
were transferred into a counting tube, previously filled
with 40 ul of EC supernatants, and either 20 pl of
control buffer, or stimulated agent solution, i.e. 0.5-2.5
pM A23187, 1 pM fMLP or 1-10 ng phorbol myristate
acetate (PMA) diluted in dimethylsuphoxide (DMSOQ)
and HBSS (less than 0.1% of DMSO in final dilution).
Fifty microliters of dark-adapted 2 ng'ml! luminol
solution (5-amino-2,3) dihydro-1,4-phtalazinedione,
Sigma) diluted 1:10 (v:v) in HBSS were added. The
tubes were incubated at 37°C for 14 min and then
counted in an automatic photometer (Nucleotimetre 107,
Interbio CLV, Paris). Catalase (100 U'ml?) and
superoxide dismutase (100 U-ml?) were used as con-
trols in each experiments, and provoked respectively
68+10% and 75%+8% inhibition of PMN CL induced
by 2.5 uM A23187. Light emission measurements
were expressed in millivolts.
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CL was also assessed by minor modifications of the
method of WiLLIAMS ef al. [19], using lucigenin (Sigma)
as light amplifier (final concentration of 100 pM) and
gave an identical pattern of results.

Gel filtration chromatography

A 1.6 x 100 cm Ultrogel AcA54 column (Pharmacia
Fine Chemicals AB, Uppsala, Sweden) equilibrated with
PBS was employed at a flow rate of 6 ml-h* for gel
filtration chromatography. Three of EC supernatants
from 6 x 10° cells were applied to the column,
Fractions of 3 ml were collected and tested for protein
concentration by absorbance at 280 nm. All experi-
ments were done at 4°C. The chemotactic activity of
each fraction was then tested. Results were expressed
as the difference between samples and control buffer

(PBS).

Cell viability test

A spectrophotometric method, called MTT test, was
employed to determine cell viability as described by
MosManN [20]. Briefly, 5 mgml? dimethylthiazol-
diphenyl-tetrazolium bromide (Sigma) was prepared as
a stock solution in PBS. The viability of the neutrophil
preparations were 92%=5% as judged by trypan blue
exclusion (corresponding to the “100%” viability in the
MTT test). The viability of endothelial cells and
neutrophils were made as follows:

a) Viability of endothelial cells. In the 24-well culture
plates, endothelial cells were incubated for 30 min with
various doses of A23187 (ranging from 0.5-2.5 pM).
Following the recovery of supernatants, EC were
incubated in HBSS with a 10-fold diluted MTT stock
solution, and then incubated for 4 h at 37°C. At this
time, supernatants were removed and 300 pl 0.025N
HCl-isopropanol solution was added. After homogeni-
zation, 200 pl supernatants were transfered in a 96-well
microtiter plate which was analysed by a multiwell
scanning spectrophotometer at 620 nm. The percent-
ages were calculated by comparison with untreated
cells.

b) Viability of neutrophils. Forty five microlitres of
PMN suspension were deposited in several wells of a
96-well microtitre plate. Twenty four microlitres of
A23187 at final concentration ranging from 0.5-2.5 uM
were added in each well. The plate was incubated for
30 min at 37°C and then the MTT test started as
described above.

Radioimmunoassay for prostacyclin

The non-enzymatic derivative of prostacyclin (PGL),
6-keto-PGF,-alpha was quantified using a radioimmu-
noassay (New England Nucl., Boston, USA). The
sensitivity was around 2 pg. Cross-reactivity studies
showed less than 1% cross-reactivity with PGF, , PGE,,
PGE,, and TxB,.

Results
Effects of EC supernatants of PMN motility

Supernatants of EC stimulated by A23187 exerted
a dose-dependent chemoattractant activity (fig. 1),
with an optimal activity at 1.5 uM of A23187.
This activity was found to be nearly as high as that of
1 uM fMLP used as a positive control for PMN
motility. Negative control experiments were performed
with A23187 added directly to PMN. Viability of PMN
or EC were not significantly affected by exposure to
A23187 (respecitvely, 83 and 89x5%).
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Fig. 1. — Presence of neutrophil chemoattractant activity (NCA) in
endothelial cells (EC) supernatants. EC/A23187 denotes supernatants
of EC stimulated with A23187. A23187 alone was used as & negative
control to determine the direct effect of A23187 on polymorphonuclear
neutrophils (PMN) motility in the absence of EC supematants. EC
were triggered with A23187 at various doses ranged from 0.5-2.5 uM.
The figure represents an average of five separate experiment. NCA
was expressed as number of PMN-hpf ! (difference between the number
of PMN'hpf ! towards EC supernatants and the control buffer).
Differences from controls; *: p<0.05; **: p<0.01; Ns: not significant.
: EC/A23187; [] : A23187 alone.

fMLP

Since EC are known to produce arachidonic acid
metabolites, the possible eicosanoid nature of this
neutrophil chemotactic activity (NCA) was investigated
indirectly by using cyclooxygenase and lipooxygenase
inhibitors. Pretreatment of EC cultures with indometh-
acin (cyclooxygenase inhibitor) or NDGA
(lypooxygenase inhibitor) failed to modify the A23187-
induced NCA (fig. 2). EC or PMN viability and the
dose-response curve of NCA were not modified in the
presence of these inhibitors (data not shown). A23187-
activated EC supernatants were fractionated using gel
filtration chromatography. One single peak of NCA
was found with an estimated molecular weight between
34,000 and 41,000 daltons (fig. 3). Checkerboard
analysis was performed with 10-fold concentrated
column effluents, showing that PMN migration was
stimulated when supernatants were placed simultane-
ously in the upper and lower compartments of the
chemotactic chamber, indicating a chemokinetic
property of the EC-released NCA (table 1).
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Fig. 2. — Failure of cyclooxygenase and lipooxygenase inhibitors to
inhibit neutrophil chemotactic activity (NCA). Neither 10 uM
indomethacin (INDO) nor 10 uM nordihydroguaiaretic acid (NDGA)
induced any significant reduction of NCA. See legend to figure 1 for
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Fig. 3. = AcAS4 gel chromatography of A23187-activated endothelial
cells (EC) supernatants, Each fraction was tested for neutrophil
chemotattractant activity (NCA) and for inhibitory on polymorphonu-
clear neutrophil chemiluminescence (PMN CL). This figure
represents a mean of 5 successive tests. For PMN CL, 2 uM A23187
was added in each fraction and incubated with PMN suspension (as
described in materials and methods) before CL evaluation, —@— :
PMNhpf }; —0— : PMN CL mV,

Table 1. — Checkerboard analysis of chemotaxis versus
chemokinesis of EC-derived NCA

Dilution in the upper compartments

Lower compartments 1/5 1/10 1/20
1/5 39 (5) 27 (2) 39 (6)
1/10 28 (3) 29 (3) 32 (6)
1/20 19 (5) 30 (4) 23 (3)

Ratios indicate effluents fractions containing NCA (estimated
m.w.: 37,000+4,000 daltons). Data represent the mean+sem ()
of the PMN-hPa number of a representative of two experi-
ments. The data on diagonal beginning on the right bottom of
the table indicate an increase number of PMN-hpf related to the
concentration of NCA, consistent with chemokinesis. The data
in the 3rd column indicate an increase number of PMN-hpf
related to a gradient concentration of NCA, consistent with
chemotaxis,

P. LASSALLE ET AL.

Effects of activated EC supernatants on PMN chemilu-
minescence

As previously known, A23187 was able to induce a
high and dose-dependent chemiluminescence in
neutrophils. When EC were triggered by A23187, EC
supernatants were unable to induce a CL response of
neutrophils. This effect was observed whatever the
dose of A23187 (fig. 4). In addition, EC supernatants
obtained under these experimental conditions could
inhibit the CL response of neutrophils stimulated either
by A23187 or by fMLP and markedly enhanced the CL
response of PMA-stimulated neutrophils (fig. 5).
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Fig. 4. — Role of activated endothelial cells (EC) supernatants on
polymorphonuclear neutrophils chemiluminescence (PMN CL); EC were
activated with various doses of A23187 and their supernatants were
assessed for PMN CL. The figure represents an average of six
experiments. Results are expressed in millivolts (mV). F4:EC/A23187;
[C]: A23187 alone.
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Fig. 5. — Modulation by endothelial cells (EC) supernatants of poly-
morphonuclear neutrophils chemiluminescence (PMN CL). Either 1.5
UM A23187, or 1 uM fMLP, or 1 ng'ml" phorbol myristate acetate
(PMA) were added to EC supernatants or buffer. Then, these
supernatants were assessed for PMN CL. Data are meansseM of 4
experiments. *: p<0.05; **: p<0.01; ns: not significant by comparison
with buffer. Results are expressed in millivolts (mV). h : Buffer;
: EC; Il : EC/A23187.

In order to identify the mechanisms by which
the polymorphonuclear neutrophil chemiluminescence
(PMN CL) might be regulated, A23187-activated
EC supernatants, that had been previously fractionated
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by gel filtration chromatography for NCA, were
evaluated for their ability to imhibit CL response of
neutrophils to 2 pM A23187. No peak of inhibitory
activity was evidenced, particularly in fractions
which exhibited NCA (fig. 3). Thus, it appears that
NCA and PMN CL inhibitory activity can be
distinguished.

To further investigate the mechanism of PMN
CL inhibition, EC were pretreated by indomethacin
(1 x 10°* M) which completely failed to modulate the
inhibitory activity although the measurement of PGI,
showed a clear-cut inhibition of the cycloogyxenase
pathway (88.332£31 pg-0.1 ml* for A23187-activated EC
supernatants; 4+2.3 pg-0.1 ml? for activated EC after
pretreatment by indomethacin). NDGA was also
evaluated but its own inhibitory effect on PMN CL by
a known scavenger effect did not permit interpretation
of the results (data not shown),

Because heparin has potent inhibitory effects on PMN
CL [21], and that EC were cultured in medium
supplemented with heparin, we studied for such a role
in our model. The coagulation tests were performed
by standard methods, kindly supported by the Depart-
ment of Haematology (Hopital Calmette, Lille, France).
Although the reptilase time was within normal
values, the thrombin time of unstimulated EC
supernatant was found up to 60 s (normal values:
20 s—25 s) which was completely inhibitable by 10
pug'ml? protamine sulphate. The coagulation tests per-
formed with A23187-activated EC supernatants were all
within normal values. Moreover, protamine sulphate,
used at doses ranging from 2000 pg-ml* to 0.2 pg:ml?,
had not been found to influence EC-derived inhibitory
activity (data using 20 pug-ml? were shown) (fig. 6).
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Fig. 6. - Modulation of endothelial cells (EC)-derived inhibitory
activity on polymorphonuclear neutrophils chemiluminescence (PMN
CL). Either 8-phenyltheophylline (8PT), protamine sulfate (PROT),
or indomethacin (INDO) were added to activated EC supernatants
and then assessed for PMN CL. Controls showed no activity of
these three compounds on A23187-induced PMN CL. Data are
meansxsem of 3 separate experiments. *: p<0.05; Ns: not signficant.
Results are expressed in percentage of inhibition of chemilumines-
cence.

On the other hand, the hypothesis that adenosine
may contribute to the inhibitory activity was explored.
It has been previously established, under technical
conditions quite similar to ours, that EC supernatants
contained 1.3 pM to 1.4 puM adenosine [13]. The
addition of 10 pM 8-phenyltheophylline (8PT, an
adenosine antagonist) with EC supernatants, reduced by
50% the inhibitory activity, suggesting a participation
of adenosine in the EC-derived inhibitory activity (fig.
6). In another series of experiments, 2-chloroadenosine
(an adenosine agonist) at a concentration which
maximally inhibits neutrophil functions (10 uM) [22],
and dibutyryl-cAMP were compared to EC supernatants
in their capacity to inhibit PMN CL induced by either
A23187, fMLP, and PMA (fig. 7). Results showed a
mimicry between EC supernatants, 2-chloroadenosine,
and dibutyryl-cAMP except when PMA was used as a
stimulating agent. Moreover, 8PT inhibited 90% of 2-
chloroadenosine activity and partially (50%) the EC
supernatant activity.
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Fig. 7. - Mimicry between 2-chloroadenosine (2-CADO) cyclic ad-
enosine monophosphate (cAMP) and endothelial cells (EC) supernatants.
Activated EC supernatants were compared with 2-CADO and cAMP in
their capacity to inhibit PMN CL induced by either A23187, fMLP, or
phorbol myristate acetate (PMA); Data are meanssem of 3 separate
experiments. *: p<0.01; ns: not significant. Results are expressed in
percentage of chemiluminescence. : EC/A23187; [] : 2-CADO;
:cAMP.

Discussion

The results support the view that cultured endothe-
lial cells obtained from the human umbilical vein are
stimulated by A23187 to produce simultaneously a
neutrophil chemotactic factor and an inhibitory activity
on PMN chemiluminescence.

Considering that vascular endothelial cells are in close
contact with blood inflammatory cells during inflam-
mation, endothelial cells are thought to actively
participate in the recruitment of blood cells, especially
through the release of chemoattractant mediators. In
this way, it has been shown that endothelial cells could
release neutrophil recruiting factors either spontaneously
[5] or in response to several stimuli such as hypoxia
[6], thiourea [7], angiotensin II [8], histamine [9], and
cytokines such as TNFo and IL-1PB [25]. Endothelial
recruiting factors for neutrophils appear to be of a dif-
ferent nature. The protein nature has been suggested
based on the gel filtration chromatography and on the
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protease sensitivity [5], or on the characterization of
some gene products now called IL-8 [25]. On the other
hand, the lipidic nature of certain endothelial cell-
derived recruiting factors has been suspected when
release of the recruiting activity has been prevented by
lipoxygenase inhibitors [9]. Based on the reverse-phase
high pressure liquid chromatography, such a role for
platelet activating factor or for leukotriene B, have been
excluded [9].

In our study, cultured endothelial cells stimulated by
A23187 have produced a chemotattractant activity for
neutrophils. This NCA was observed after A23187
stimulation, with a dose-dependent response curve with
production starting as early as 30 min after ionophore
triggering. In addition, this NCA was shown to be
independent from arachidonic acid metabolites.
Moreover, passage through a gel filtration chromato-
graph indicated a molecular weight of 37,000 daltons,
that might correspond to the spontaneously produced
NCF of 35,000 daltons characterized by MERCANDETTI
et al. [5]. However, the early detection of the NCA
beginning at 15 min may indicate a role for some
preformed mediators whatever their proteic or lipidic
nature. It is unlikely that other cells such as monocytes
played a role in this study for two reasons: (a) EC
cultures were pure as judged from microscopic exami-
nation with fluorescent anti-factor VIII anti-serum; (b)
undetected monocytes would not be expected to
multiply, but instead be lost after subculture.

The second observation was the detection of inhibi-
tory activity of PMN CL in stimulated EC supernatants.
The ability of endothelial cells to inhibit receptor-
mediated anion production by polymorphonuclear
leukocytes has been suggested by Basrorp et al. [26].
They have found that bovine pulmonary artery
endothelial cells as well as human umbilical vein
endothelial cells could release a soluble inhibitor with
an apparent molecular size between 1 and 10 kD. This
soluble inhibitor appears to be a polypeptide and is able
to inhibit fMLP-stimulated O," production by neutrophils
[26]. In another study, it has been shown that adenos-
ine acted as an endogenous inhibitor of fMLP-
stimulated neutrophil injury to EC and prevented both
the adhesion of neutrophils and the cytotoxicity that
neutrophils caused to EC [13]. Furthermore, the
depletion of endogenously released adenosine by
adenosine desaminase enhanced neutrophil-mediated
injury when either stimulated by fMLP or not [13].

Our results indicate that the release of this inhibitory
activity was more marked after A23187-triggering, but
also detectable at the baseline and may represent a
constitutive property of EC. Several data suggested that
the NCA and the inhibitory activity could be
distinguished based on the results of gel filtration
chromatography. Trying to characterize the nature of
this inhibitory activity, a role for prostaglandins and
heparin could be excluded. The absence of inhibition
of PMA-induced PMN CL suggests that the scavenger
pathway is not the major mechanism of inhibition. On
the other hand, we have focused our study on the
putative role for adenosine, known to be released by EC

and able to inhibit neutrophil-dependent injury [13].
Using an adenosine agonist (2-chloroadenosine), we
have reproduced EC-derived inhibitory activity, and
focused both the effects of the adenosine agonist and
EC supernatant inhibitory activities reduced by 8-
phenyltheophylline. However, the small amounts of
adenosine in EC supemnatants and the complete inhibi-
tion by 8PT of optimal dose of adenosine agonist
indicated that the inhibitory activity on PMN CL is
supported by at least two factors: the first appears to
be adenosine and the second is unknown.

Lastly, it is important to point out that PMN CL
inhibition differed according to the stimulus used. It
has been shown that adenosine, acting via A, receptors,
was able to reduce both superoxide anion production
and lysosomal enzyme release from neutrophils
stimulated by fMLP or A23187 but not by PMA [23,
24]. The fact that dibutyryl-cAMP mimicks the EC
supernatants as well as the adenosine agonist, is in
agreement with other reports indicating a cAMP-
dependent down-regulation of PMN CL, triggered by
a(]ent:osil'he-A.4 receptor coupling [24].

In conclusion, these findings underline a physiologic
role of endothelial cells in the influx of neutrophils seen
in a positive feedback during PMN influx. The con-
current production by EC of a NCA and an inhibitory
activity of neutrophil chemiluminescence, related in part
to adenosine, support the view that excitated EC could
both favour PMN infiltration and prevent oxidative
burst, particularly at the early step of PMN
transvascular migration. Oxidative burst could then be
limited to the inflammatory site. These data offer new
insights to PMN-EC interactions during inflammatory
processes.

Acknowledgements: We are indebted to G.
Marchandise for expert technical assistance; J, Charon,
Prof. Cosson and A, Wattel for helpful discussions
and generous help in coagulation tests; the midwives
of the Maternite H. Salengro (Lille, France) for
generous supply of technical facilities; to C. Colson
and C, Zeiske for secretarial assistance.

References

1. Hunninghake GW, Gadek JE, Kawanami O, Ferrans VJ,
Crystal RG. — Inflammatory and immune processes in the
human lung in bealth and disease: evaluation by
bronchoalveolar lavage. Am J Pathol, 1979, 97, 149-206.

2. Crystal RG, Bitterman PB, Rennard SI, Hance AJ, Keogh
BA. - Interstitial lung diseases of unknown cause.
Disorders characterized by chronic inflammation of lower
respiratory tract. N Engl J Med, 1984, 310, 154-166.

3. Hunninghake GW, Gadek JE, Fales HM, Crystal RG. -
Human alveolar macrophage-derived chemotactic factor for
neutrophils. Stimuli and partial characterization. J Clin
Invest, 1980, 66, 260-270.

4. Hunninghake GW, Gallin JI, Fauci AS. -~ Immuno-
logical reactivity of the lung: the in vivo and in vitro
generation of a neutrophil chemotactic factor by alveolar
macrophages. Am Rev Respir Dis, 1978, 117, 15-23.

5. Mercandetti AJ, Lane TA, Colmerauer MEM. - Cul-
tured human endothelial cells elaborate neutrophil
chemoattractants. J Lab Clin Med, 1984, 104, 370-380.



NEUTROPHIL-ENDOTHELIAL CELL INTERACTION 1257

6. Farber HW, Rounds S. - Hypoxic endothelial cells
release neutrophil chemoattractant activity. Am Rev Respir
Dis, 1985, 131, A401.

7. O’Brien RF, Seton MP, Makarski JS, Center DM,
Rounds S. - Thiourea causes endothelial cell in tissue
culture to produce neutrophil chemoattractant activity, Am
Rev Respir Dis, 1984, 130, 103-109.

8. Farber HW, Center DM, Rounds S. - Bovine and hu-
man endothelial cell production of neutrophil chemoattractant
activity in response to components of the angiotensin system.
Circ Research, 1985, 57, 898-902,

9. Farber HW, Weller PF, Rounds S, Beer DJ, Center DM.
—~ Generation of lipid neutrophil chemoattractant activity by
histamine-stimulated cultured endothelial cells. J Immunol,
1986, 137, 2918-2924,

10. Tsan MD, Danis EH, Delvecchio PJ, Rosano CL. -
Enhancement of intracellular glutathione protects endothelial
cells against oxidant damage. Biochem Biophys Res Commun,
1985, 127, 270-276.

11. Dobrina A, Patriarca P. — Neutrophil-endothelial cell
interaction. Evidence for and mechanisms of self-protection
of bovine microvascular endothelial cells from hydrogen
peroxyde-induced oxidative stress. J Clin Invest, 1986, 78,
462-471.

12. Zimmerman GA, Wiseman GA, Hill HR. - Human
endothelial cells modulate granulocyte adherence and chemo-
taxis. J Immunol, 1985, 134, 1866-1874.

13. Cronstein BN, Levin RI, Belanoff J, Weissman G,
Hirschorn R. - Adenosine: an endogenous inhibitor of
neutrophil-mediated injury to endothelial cells, J Clin Invest,
1986, 78, 760-770.

14, Jaffee E, Nachman C, Becker C, Minick C. —~ Culture
of human endothelial cells derived from human umbilical
veins. J Clin Invest, 1973, 52, 2745-2756.

15. Boyum A. - Isolation of mononuclear cells and
granulocytes from human blood. J Clin Lab Invest, 1968, 21
(Suppl.), 77-89.

16. Harwarth L, Falk W, Leonard ET. — Rapid quantifica-
tion of neutrophil chemotaxis: use of a polyvinyl pyrolidone
free polycarbonate membrane in a multi-well assembly. J
Immunol Meth, 1980, 37, 39-44.

17. Zigmond SN, Hirsch JG. — Leukocyte locomotion and
chemotaxis. J Exp Med, 1973, 137, 387-341.

18. Descamps-Latscha B, Nguyen AT, Golub RM,
Feuillet-Fieux MN. - Chemiluminescence in microamounts
of whole blood for investigation of human phagocyte
oxidative metabolism function. Ann Immunol (Inst Pasteur),
1982, 133c, 349-364.

19. Williams AJ, Cole PJ. — Investigation of alveolar
macrophage function using lucigenin dependent chemilumi-
nescence. Thorax, 1981, 36, 866-869.

20. Mossman T. - Rapid colorimetric assay for cellular
growth and survival: application to proliferation and cytotox-
icity assays. J Immunol Meth, 1983, 65, 55-63.

21. Brestel EP, McClain EJ. — A mechanism for inhibition
of luminol-dependent meutrophil chemiluminescence by
polyanions. J Immunol, 1983, 131, 2515-2519.

22. Cronstein BN, Rosenstein ED, Kramer SB, Weissmann
G, Hirshhorm R. - Adenosine: a physiologic modulator of
superoxide anion generation by human neutrophils. J
Immunol, 1985, 135, 1366-1371.

23. Pasini FL, Capecchi PL, Orrico A, Ceccatelli L, Di Perri
T. - Adenosine inhibits polymorphonuclear leukocyte in
vitre activation: a possible role as an endogenous calcium
entry blocker. J Immunopharmacol, 1985, 7, 203-215.

24. Schrier DJ, Imre KM. - The effects of adenosine
agonists on human neutrophil function. J Immunol, 1986,
137, 3284-3289.

25, Streiter RM, Kunkel SL, Showell HJ, Remick DG, Phan
SH, Ward PA, Marks RM. - Endothelial cell gene expres-
sion of a neutrophil chemotactic factor by TNFz, LPS, and
IL-1B. Science, 1989, 243, 1467-1471.

26. Basford RE, Clark RL, Stiller RA, Kaplan SS, Kuhns
DG, Rinaldo JE. - Endothelial cells inhibit receptor-
mediated superoxide anion production by human polymor-
phonuclear leukocytes via a soluble inhibitor. Am J Respir
Cell Mol Biol, 1990, 2, 235-243.

Interaction neutrophiles - cellules endothéliales: observation
in vitro d’une régulation des fonctions neutrophiliques par les
cellules endothéliales. P. Lassalle, Y. Delneste, P, Gosset, B.
Wallaert, A.B. Tonnel, J.P. Dessaint, A, Capron,

RESUME: Le but de cette étude est d'etudier les interactions
possibles entre les cellules endothéliales humaines de la veine
ombilicale (EC) stimulées par l'ionophore A23187 a
différentes doses (0.5 & 2.5 puM) et le neutrophile
polymorphonucléaire (PMN).

Les surnageants de EC s’avérent posséder une activité
chimio-attractive pour les neutrophiles (NCA) ainsi que,
parallelement, un facteur inhibiteur de la chimioluminescence
des polymorphonucléaires neutrophiles (PMN CL). Les
surnageants obtenus & partir de EC stimulées par A23187
comportent un niveau élevé de NCA (735 PMN-hpf* par
comparaison & 21x4 PMN-hpf* dans les surnageants EC non
traités, p<0.01). Ce NCA est indépendant des métabolites de
I’acide arachidonique, puisque l’indomethacine et I’acide
nordihydroguaiarétique n’arrivent pas A bloquer 1'activité
chimiotactique. En utilisant la chromatographie sur gel fil-
tration (AcA 54), le NCA se retrouve en un seul pic avec
un poids moléculaire apparent de 37.000+4.000 daltons.
L’analyse “checkerboard” a indiqué que NCA a 2 la fois des
activités chimiotactiques et chimiocinétiques. En outre, les
surnageants de cellules EC stimulées par A23187 et, 3 un
moindre degré, les surnageants de EC non stimulées, inhibent
la PMN CL induite par N-formyl-Methionyl-Leucyl-Phenyla-
lanine (61% d’inhibition, p<0.05), ainsi que par A23187 lui-
méme (80% d’inhibition, p<0.01), mais non celle induite par
le de phorbol-myristate-acétate. L’indomethacine et le sulfate
de protamine n’ont pas modulé cette activité inhibitrice. Par
contre, 1’acitivité inhibitrice dérivée de EC est inhibée (50%)
par un antagoniste de 1’adénosine (8-phénylthéophylline), ce
qui indique une participation de I’adénosine dans cette activité
inhibitrice de PMN CL.

Ces données suggérent la possibilité que les cellules
endothéliales activées pourraient 2 la fois stimuler la migration
des polymorphonucléaires et les protéger eux-mémes contre
les effets potentiellement toxiques de métabolites de 1’oxygéne
produits par les PMN, particuliérement au cours de leur mi-
gration transvasculaire.

Eur Respir J., 1991, 4, 1251-1257.



