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Summary

During acute inflammation, leukocyte infiltration is mostly neutrophilic, but later monocytes
prevail. The majority of inflammatory cells, particularly neutrophilic polymorphonuclear
leukocytes (PMNs), become apoptotic at later stages of inflammation and are phagocytosed by
neighboring cells, mostly by macrophages. Recently, it has been found that human peripheral
blood monocytes also recognize apoptotic cells, which primes them to increased production
of interleukin (IL)-10 - a cytokine known to reduce phagocytes’ ability to engulf and kill
pathogens. Based on the above, we studied monocytes’ ability to phagocytose and Kkill
Staphylococcus aureus while in contact with apoptotic cells.

Monocytes isolated by elutriation were co-cultured with apoptotic PMNs or Jurkat cells and
exposed to viable, human serum-opsonized S.aureus. To induce apoptosis PMNs were cul-
tured overnight while Jurkat cells were UV-treated. Apoptosis, phagocytosis of bacteria and
intracellular superoxide production were measured by flow cytometry. Production of reactive
oxygen species was also followed by measurement of chemiluminescence. The bactericidal
effect was determined by standard colony forming units method.

Data presented show that contact of monocytes with apoptotic neutrophils and Jurkat cells
had no influence on monocyte phagocytosis of S. aureus, the generation of reactive oxygen
species, or the killing of bacteria.

The data obtained suggest that monocytes attracted to the inflammatory site are not deficient
in their ability to cope with pathogens after contact with apoptotic cells despite increased pro-
duction of IL-10.
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INTRODUCTION

MATERIALS AND METHODS

Recognition and phagocytosis of pathogens by resident
macrophages, activation of mast cells and triggering of the
kinin system all provide mediators responsible for the
development of a tightly orchestrated inflammatory
response’ 2. The accumulation of neutrophils (PMNs),
monocytes and, finally lymphocytes, all attracted to the
inflammation site, contribute to the native and, later, adap-
tive immune responses responsible for the elimination of
invading pathogens. The majority of inflammatory cells,
particularly PMNs, become apoptotic at later stages of
inflammation and are phagocytosed by neighboring cells,
in particular by macrophages. Apoptosis of PMNs and
their phagocytosis by macrophages is crucial for the reso-
lution of inflammation as it protects the tissues from the
leakage of noxious contents from dying cells®!>1820, Some
pro-inflammatory cytokines, including granulocyte-
macrophage colony-stimulating factor, interleukin (IL)-1,
and tumor necrosis factor, were even shown to upregulate
macrophage capacity to phagocytize apoptotic PMNs!6, In
short, if the rate of cell death by apoptosis exceeds
macrophage clearance capacity, or when apoptotic cells
cannot be recognized by macrophages, the resolution of
inflammation is delayed or becomes chronic'>%,

Recently it has become apparent that the uptake of
apoptotic cells not only prevents the tissues from expo-
sure to noxious contents released by inflammatory cells,
but also that it has a direct anti-inflammatory effect.
Fadok et al.’, and McDonald et al.’?> reported that
phagocytosis of apoptotic cells by monocyte-derived
macrophages resulted in the suppression of the
lipopolysaccharide (LPS)-induced synthesis of proin-
flammatory cytokines, mostly due to increased produc-
tion of transforming growth factor f.

Studies by Newman et al.'* indicated that monocytes did
not phagocytize apoptotic cells, but acquired that ability only
after differentiation into macrophages. However, recent
findings indicate that peripheral blood monocytes recognize
apoptotic cells*>. It has been found that while in contact
with apoptotic cells, LPS- or bacteria-stimulated monocytes
produce much more anti-inflammatory cytokine IL-10,
while pro-inflammatory cytokines are rather suppressed*>.

IL-10 has a potent immunosuppressive activity, including
impairment of antibacterial host defense?. It has been
shown to inhibit the production of reactive oxygen inter-
mediates (ROI) by PMNs and monocyte-derived
macrophages and to reduce the antimicrobial activity of
phagocytes'?*, Against this background, we ask whether
the presence of apoptotic cells interferes with the uptake
and killing of Staphylococcus aureus by peripheral blood
monocytes.

Monocytes

Peripheral blood mononuclear cells (PBMCs) were iso-
lated by standard Ficoll/Paque (Pharmacia, Uppsala,
Sweden) gradient centrifugation from EDTA-treated
blood from healthy donors and then subjected to coun-
tercurrent centrifugal elutriation (Beckman JE-6B elu-
triation system equipped with a 5-ml Sanderson
separation chamber) to obtain monocytes as previously
described®®. Monocytes were washed once with cold
RPMI 1640 and kept on ice in RPMI 1640 culture medi-
um supplemented with L-glutamine and 10% fetal calf
serum, without antibiotics (all reagents from Gibco,
Grand Island, NY, USA) until use.

Polymorphonuclear neutrophils

PMNs were isolated from erythrosediments (left after
PBMC isolation). These were suspended in a 1% solu-
tion of polyvinylalcohol in PBS (Merck, Hohenbrunn,
Germany) and sedimented for 20 min at room temper-
ature. PMN were collected from the upper part. The
contaminating erythrocytes were lysed for 20 s with
water, which resulted in about 90% pure population of
PMNs as confirmed by Pappenheim staining. The
PMNs were used immediately after harvest (fresh, non-
apoptotic) or after 18-24 h of incubation at 37°C in
humidified atmosphere containing 5% CO, in culture
medium (aged, apoptotic). The proportion of annexin
V-positive cells (see below) in aged PMNs ranged
53-71% whereas in freshly isolated never exceeded
9%.

Jurkat cells

Clone E6-1 (ATCC, TIB-152) was propagated in the
above-defined culture medium with addition of 10 mM
HEPES. Cells were used immediately after harvest and
washing (fresh, nonapoptotic) or 18 h after 2-hour expo-
sure to UV light (apoptotic). The proportion of annexin
V-positive cells in UV-treated cells ranged 45-65 %
whereas in non-treated did not exceed 12%.

Flow cytometry determination of apoptosis and
cell viability

To determine apoptosis of PMNs or Jurcat cells, annex-
in V-binding assay was performed. Cells were suspend-
ed in staining buffer (HEPES buffer containing 150 mM
NaCl, 5 mM KCI, 1 mM MgCl2, and 1.8 mM CaCl,,
pH 7.4) and labeled with annexin V-PE (Bender
MedSystems, Vienna, Austria) for 15 min on ice to
detect phosphatidylserine expression on the outer cell
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Figure 1. Scatter patterns of co-cultures of monocytes and PMNs or Jurkat cells. Dot-plot analysis of forward vs side scatter. Elliptic monocyte gate
is indicated. Please note that monocytes can be easily distinguished from other cell populations.

membrane layer. After washing with staining buffer
cells were analyzed on a FACScan flow cytometer
(Becton Dickinson, San Jose, CA, USA). The cells’ via-
bility was determined by standard propidium iodide
(PI) uptake. The percentage of annexin V-positive and
PI-negative cells in populations of fresh and aged
PMNs and untreated and UV-light-treated Jurcat cells
ranged 1-10 and 50-83, respectively. The proportion of
PI-positive cells did not exceed 10%.

Bacteria

S. aureus (ATCC 25923) was grown for 18 h a in brain-
heart infusion broth (Oxoid), washed twice with saline
and opsonized (30 min, 37°C) in the presence of 10%
normal human serum (pooled fresh human serum stored
in aliquots at —70°C). Opsonized bacteria were addi-
tionally washed once with saline and their number was
counted in a Thoma chamber. In some experiments,
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Figure 2. Effect of non-apoptotic and apoptotic PMNs on monocyte phagocytic activity. Monocytes were cultured alone or co-cultured with PMNs
(either freshly isolated or apoptotic). FITC-labeled serum-opsonized bacteria were added to cultures either at the time of culture setting or 1-2 h later
as indicated. The monocytes:bacteria ratio was 1:20. Monocytes were gated according to FSC vs SSC signals and each sample was evaluated
twice: before and after addition of crystal violet (cv) to quench extracellular fluorescence. The data are mean +SD of 4 independent experiments.

before opsonization bacteria were incubated for 2 h at
37°C in PBS containing 0.1% fluorescein isothiocyanate
(FITC; BHD Chemicals Ltd., Poole, England) and sub-
sequently washed free of unbound dye.

Latex particles

Latex particles (diameter, 0.8-1.0 um) were obtained
from the Institute of Catalysis and Surface Chemistry,
Polish Academy of Sciences (Cracow, Poland). They
were washed twice with 70% ethanol and kept suspend-
ed in PBS at a concentration of 1.5 x 10°/ml.

Phagocytosis of bacteria

Monocytes (1 x 10°) alone or mixed with PMNs or
Jurcat cells were incubated (37°C) in Falcon 2054
tubes (Becton Dickinson Labware Europe, Le Pont
De Croix, France) with suspensions of FITC-labeled
opsonized bacteria in a total volume of 1ml of RPMI
1640 without antibiotics. Unless stated otherwise, bac-
teria were added 1 h after cultures of monocytes or
monocytes and other cells were. The phagocyte/bac-
terium ratio was 1:20. After 30 min incubation with

bacteria tubes were transferred to an ice bath and ana-
lyzed by flow cytometry. The analysis was performed
using the CellQuest program to determinate the num-
ber of green cells (due to FITC-labeled bacteria) with-
in the monocyte gate defined by FSC/SSC signals®. In
some experiments, crystal violet (final concentration
0.25 ug/ml) was added to quench fluorescence of
bound but not internalized bacterial?.

ROI production by phagocytes

Intracellular superoxide production by monocytes was
analyzed by using hydroethidine (HE; Sigma, St. Louis,
MO, USA) as described elsewhere>!’. Briefly, HE (final
concentration 10 uM) was added to cell samples 15 min
after addition of FITC-labeled bacteria. The cells were
incubated for another 15 min in 37°C and then were ana-
lyzed by flow cytometry.

Alternatively, the luminol-dependent chemilumines-
cence (CL) of phagocytes was measured after exposure
to latex particles or serum-opsonized bacteria.
Monocytes (0.1 x 109) alone or mixed with Jurcat cells
were incubated with opsonized bacteria or latex beads (in
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Figure 3. Effect of apoptotic Jurcat cells on phagocytosis of S. aureus by monocytes. Monocytes cultured for 1 h alone or as co-cultures with differ-
ent numbers of apoptotic Jurcat cells were incubated with FITC-labeled fresh human serum-opsonized S. aureus. The ratio of phagocytes/bacteria
was 1:20. After 30 min of incubation, samples were analyzed by flow cytometry. Monocytes were gated according to FSC vs SSC signals. The
results are expressed as percentages of the results obtained in the group of monocytes cultured alone, considered in each experiment as 100%. The

data are mean +£SD of 3 independent experiments.

a phagocyte/particle ratio of 1:100) in 0.5 ml of CL medi-
um (see below). The incubation (10 or 30 min with latex
beads and bacteria, respectively) took place in a 6-chan-
nel luminometer (Multi-Biolumat LB9505C; Berthold,
Vienna, Austria) which allowed continuous monitoring
of chemiluminescence. The CL medium consisted of
Krebs-Ringer phosphate buffer containing glucose (11
mM) and bivalent cations (0.54 mM Ca?* and 1.12 mM
Mg?*) plus 2 mM luminol (5-amino-2,3-dihydro-1,4-
phthalazinedione; Sigma. St. Louis, MO, USA).

Bacterial killing

Bactericidal capacity of phagocytes was measured by a
standard colony forming units (c.f.u.) method.
Monocytes (3 x 10°) alone or mixed with other cells were
incubated (37°C) in siliconized glass tubes with
opsonized bacteria (in a monocyte/bacterium ratio of
1:20) in a total volume of 1 ml. After 30 min of incuba-
tion, 1 ml of cold RPMI 1640 medium was added to the
tubes and the cells were centrifuged (110 x g, 5 min) to
separate phagocytic cells from free bacteria. Then the
cells were resuspended in 1 ml of culture medium (with-

out antibiotics) and split into two 0.5-ml samples. One of
these was immediately lyzed with 2.5 ml distilled water.
The second was additionally incubated for 1 h and lyzed
the same way. Serial dilutions of lysates in saline were
plated onto sheep-blood agar plates. Colonies were
counted after incubation of the plates for 24 h at 37°C,
and the percentage of killed microorganisms was calcu-
lated, considering as 100% the value determined in the
sample lyzed immediately after phagocytosis.

Statistical analysis

Differences of means were compared using the
Student’s #-test and considered significant when p< 0.05.

RESULTS

The presence of apoptotic cells has no influence on
monocytes’ ability to phagocytose S. aureus

The phagocytic activity of monocytes was determined by
flow cytometry. The differences in the scatter patterns of
monocytes, PMNs and lymphocytes enabled a satisfacto-
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Figure 4. Production of superoxide by monocytes associated with bacteria. Histogram analysis of monocytes cultured alone or with Jurkat cells and
exposed for 30 min to FITC-labeled S. aureus. Fluorogenic probe hydroethidine was added to each sample for the last 15 min of incubation. There-
after, samples were analyzed by flow cytometry. FL2 (red fluorescence) was measured in monocyte gate of samples with (open histograms) and
without (filled histogram) hydroethidine, as indicated. Figure shows representative patterns. The proportion of annexin V-positive cells was respec-

tively 5.3 and 57.8 % in fresh and UV- treated Jurkat cells.

1y gating of the monocyte population (Fig. 1). Using this
approach, the proportion of green-labeled monocytes
(due to FITC-labeled bacteria) could be determined. As
shown (Fig. 2), the presence of apoptotic or nonapoptot-
ic PMNs had no significant influence on the proportion of
monocytes that associated with labeled bacteria.
Furthermore, the presence of apoptotic (as well as non-
apoptotic) PMNs had no influence on engulfment of bac-
teria as judged from the measurements performed in the
presence of crystal violet to quench extracellular fluores-
cence. The results were not changed upon 2 h of preincu-
bation of monocytes with apoptotic cells before addition
of the bacteria. The proportion of monocytes associated
with FITC-labeled bacteria was also not affected by the

presence of apoptotic Jurkat cells (Fig. 3). However, when
the number of Jurkat cells exceeded monocytes by a fac-
tor of 10, the percentage of monocytes with bacteria was
lower in some experiments, although the reduction was
not statistically significant. Similar results were observed
when samples were analyzed in the presence of crystal vio-
let and when monocytes were co-cultured with nonapop-
totic Jurkat cells (data not shown).

The presence of apoptotic cells has no influence on
ROI produced by phagocytes in response to S. aureus

ROI are essential for the bactericidal effect of phago-
cytes?. Therefore we wanted to know whether or not the
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Figure 5.:Luminol-dependent chemiluminescence of monocytes (MO) in response to bacteria. Monocytes alone or pre-cultured (1 h, at indicated
ratio) with apoptotic Jurkat cells were stimulated with opsonized S. aureus (monocyte:bacteria ratio 1:100). The response was monitored over 30
min of incubation. Calculated cumulative response (integral) is given as an insert. The picture shows a typical experiment out of 5 performed.

The proportion of annexin V-positive cells in UV-treated Jurkat cells was 62.5%.

presence of apoptotic cells had any impact on mono-
cytes’ ability to produce ROI in response to bacteria.
To answer this question, monocytes cultured (1-2 h)
alone or in the presence of apoptotic or nonapoptotic
Jurkat cells were challenged with bacteria and loaded
with HE. This approach allowed the detection of intra-
cellular superoxide production'’. As shown (Fig. 4), a
comparable proportion of monocytes was positively
stained, indicating a comparable production of super-
oxide by monocytes regardless of the presence or the
absence of apoptotic (or nonapoptotic) Jurkat cells.
Similar data were obtained when monocytes were cul-
tured in the presence of apoptotic PMNs (not shown).
The generation of ROI by monocytes cultured with or
without Jurkat cells and challenged with opsonized S.
aureus was also analyzed in the chemiluminometer.
The measured luminol-dependent chemiluminescence
was exclusively derived from monocytes, as responses
of Jurkat cells alone, with or without bacteria, were the
background level (data not shown). As shown (Fig. 5),
the presence of apoptotic Jurkat cells had no influence
on the chemiluminescence triggered by phagocytosis of
the bacteria. Similarly, the presence of Jurkat cells had
no influence on latex-triggered chemiluminescence
(not shown).

Apoptotic Jurkat cells do not influence monocytes’
ability to kill S. aureus

To evaluate monocytes ability to kill S. aureus in the
presence and absence of apoptotic cells, the standard
c.f.u. assay was employed. When monocytes were co-cul-
tured with apoptotic PMNSs, the efficiency of killing
bacteria was usually even greater than the killing by
monocytes cultured alone (data not shown). As the pro-
portion of annexin V-positive cells within apoptotic
PMNs varied 50-80%, a contribution of PMNs to bacte-
ricidal activity could not be excluded. Therefore, we
focused on co-cultures of monocytes with apoptotic
Jurkat cells. As shown (Fig. 6), the killing of bacteria by
a mixture of monocytes and Jurkat cells was as efficient
as by monocytes cultured alone. Similarly, when non-
apoptotic Jurkat cells were added to monocytes, the
killing efficiency was not affected. Finally, the bacterici-
dal efficiency of monocytes did not change after 18 h of
preculture with apoptotic Jurkat cells (data not shown).

DISCUSSION

The apoptosis of cells comprising inflammation leuko-
cyte infiltration enables their clearance by neighboring
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Figure 6. Killing of S. aureus by monocytes co-cultured with Jurkat cells. Fresh human serum-opsonized S. aureus bacteria were added to mono-
cytes cultured alone (empty bar) or monocytes co-cultured for 1 h with Jurkat cells (apoptotic or non-apoptotic, stripped bars as indicated). The ratio
of phagocytes/bacteria was 1:20. The killing of bacteria was calculated as reduction of c.f.u. after 60 min in comparison with the number of viable
bacteria after 30 min (see Materials and Methods). To compare data from different experiments, the bactericidal effect of monocytes cultured alone
was always considered as 100%. Figure shows the mean +SD of 5 independent experiments

cells, mostly macrophages. This prevents the release of
noxious agents from dying cells that otherwise might
exacerbate or prolong inflammation!”'82!, Furthermore,
the recognition and phagocytosis of apoptotic cells trig-
gers the secretion of anti-inflammatory mediators which
help in the resolution of the inflammation and healing” 1°.
Although initially only macrophages were recognized as
responsible for the production of anti-inflammatory
mediators” 2, two groups including ours, recently made
the observation that monocytes recognize apoptotic neu-
trophils* 3. They showed an increased production of
IL-10 and, in parallel, the reduced secretion of some
pro-inflammatory cytokines by LPS-stimulated mono-
cytes cultured in the presence of apoptotic PMNs. More
recently we found a similar response of monocytes to
apoptotic lymphocytes (Fraczek et al., in preparation).
Moreover, we have found that the increased IL-10 pro-
duction by monocytes requires direct cell-cell contact
between monocyte and apoptotic cell’. The above-men-
tioned findings indicate that monocytes receive and
react to signals provided by apoptotic cells directly by
cell surface contact. This justified the question whether
the cell-cell contact of monocytes with apoptotic cells
influences the monocytes’ ability to cope with pathogens.
Apparently, as shown in this study, these signals do not

influence monocytes’ ability to phagocytose and kill
S. aureus. When co-cultured with monocytes, neither
PMNs nor Jurkat apoptotic cells influenced uptake of
bacteria. The reduced phagocytic activity recorded in the
presence of an excessive number of Jurkat cells proba-
bly reflected the difficulty in accurate gating during flow
cytometry analysis. Although FSC/SSC signals allowed
separation of monocytes and other cell populations
(compare Fig. 1), these clusters were partially overlap-
ping. Therefore, in the presence of an excessive number
of Jurkat cells, the “monocyte gate” was likely to be
diluted by contaminating non-phagocytic cells.
Furthermore, this phenomenon was not related to apop-
totic cells, as it was seen in the presence of excessive
numbers of nonapoptotic cells as well. The presence of
apoptotic cells also had no influence on the generation
of ROI and the killing of S. aureus by monocytes.

The above findings strongly suggest that signals received
by monocytes during recognition of apoptotic cells do
not change their antibacterial efficiency. This conclusion
is not in variance with previous reports that showed
impairment of phagocyte antibacterial function by IL-10,
as in our studies phagocytes had only minimal contact
with cytokines, if any. The majority of the above-report-
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ed experiments were of short duration and incubation
with bacteria was only 30-90 min, depending or whether
phagocytosis or killing was assessed. Although in one
type of experiment monocytes before bactericidal assay
were co-cultured with apoptotic cells overnight, cells
were not additionally activated, and we have already
shown that cell-cell contact of monocytes with apoptotic
cells by itself does not trigger IL-10 production. In addi-
tion, although IL-10 suppresses antibacterial activity of
PMNs and macrophages'"??, under some conditions it
may even increase monocyte phagocytic capacity®.

REFERENCES

Altogether, these data suggest that monocytes newly
arriving to the inflammatory site are not impaired in
their antibacterial activity by contact with apoptotic cells.
This explains why immune protection against pathogens
is usually maintained at later stages of inflammation
despite the local presence of apoptotic cells and likely
production of anti-inflammatory cytokines. By contrast,
when apoptotic cells appear in substantial numbers in
the circulation, which correlates with an increased plas-
ma IL-10 level, the ability of circulating phagocytes to
cope with pathogens is impaired?.

1. Abraham S. N. and Arock M. (1998): Mast cells and basophils in
innate immunity. Semin. Immunol., 10, 373-381.

[58

. Aderem A. and Underhill D. M. (1999): Mechanism of phagocytosis in
macrophages. Annu. Rev. Immunol., 17, 593-623.

w

. Baran J., Weglarczyk K., Mysiak M., Guzik K., Ernst M., Flad H. D.
and Pryjma J. (2001): Fas (CD95)-Fas ligand interactions are res-
ponsible for monocyte apoptosis occurring as a result of phago-cytosis
and killing of Staphylococcus aureus. Infect. Immun., 69, 1287-1297.

o~

. Byrne A. and Reen D. J. (2002): Lipopolysaccharide induces rapid
production of IL-10 by monocytes in the presence of apoptotic
neutrophils. J. Immunol., 168, 1968-1977.

wn

. Bzowska M., Guzik K., Barczyk K., Ernst M., Flad H. D. and Pryjma J.
(2002): Increased IL-10 production during spontaneous apoptosis of
monocytes. Eur. J. Immunol., 32, 2011-2020.

f=2]

. Capsoni F., Minonzio F., Ongari A. M., Carbonelli V., Galli A. and
Zanussi C. (1995): IL-10 up-regulates human monocyte phagocytosis
in the presence of IL-4 and IFN-y. J. Leukoc. Biol., 58, 351-358.

=~

. Fadok V. A, Bratton D. L., Konowal A., Freed P. W., Wescott J. Y.
and Henson P. M. (1998): Macrophages that have ingested apoptotic
cells in vitro inhibit proinflammatory cytokine production through
autocrine/paracrine mechanisms involving TGF-f , PGE2, and PAF.
J. Clin. Invest., 101, 890-898.

o

. Garcia-Ramallo E., Marques T., Prats N., Beleta J., Kunkel S. L. and
Godessart N. (2002): Resident cell chemokine expression serves as the
major mechanism for leukocyte recruitment during local inflammation.
J. Immunol., 169, 6467-6473.

o

. Haslett C. (1999): Granulocyte apoptosis and its role in the resolution and
control of lung inflammation. Am. J. Respir. Crit. Care Med., 160, 5-11.

10. Hed J., Hallden G., Johansson S.G.O. and Larsson P. (1987): The use
of fluorescence quenching in flow cytometry to measure the
attachment and ingestion phases in phagocytosis in pheripheral blood
without prior cell separation. J. Immunol. Methods, 101, 119-125.

11. Laichalk L. L., Danforth J. M. and Standiford T. J. (1996): Interleukin-
-10 inhibits neutrophil phagocytic and bactericidal activity. FEMS
Immunol. Med. Microbiol., 15, 181-187.

12. McDonald P. P., Fadok V. A., Bratton D. and Henson P. M. (1999):
Transcriptional and translational regulation of inflammatory mediator
production by endogenous TGF-f in macrophages that have ingested
apoptotic cells. J. Immunol., 163, 6164-6172.

13. Meagher L. C,, Savill J. S., Baker A., Fuller R. W. and Haslett C.
(1992): Phagocytosis of apoptotic neutrophils does not induce
macrophage release of thromboxane B2. J. Leukoc. Biol., 52, 269-273.

14. Newman S. L., Henson J. E. and Henson P. M. (1982): Phagocytosis of
senescent neutrophils by human monocyte-derived macrophages and
rabbit inflammatory macrophages. J. Exp. Med., 156, 430-442.

15. Pryjma J., Kaszuba-Zwoinska J., Pawlik J., Pogorzelski A., Lis G.,
Baran J. and Zebrak J. (1999): Alveolar macrophages of children
suffering from recurrent infections of respiratory tract are less
efficient in eliminating apoptotic neutrophils. Pediatr. Pulmonol., 27,
167-173.

16. Ren Y. and Savill J. (1995): Proinflammatory cytokines potentiate
thrombospondin-mediated phagocytosis of neutrophils undergoing
apoptosis. J. Immunol., 154, 2366-2374.

17. Rothe G. and Valet G. (1990): Flow cytometric analysis of respiratory
burst activity in phagocytes with hydroethidine and 2’,7’-dichloro-
fluorescin. J. Leukoc. Biol., 47, 440-448.

18. Savill J. S. (1998): Phagocytic docking without shocking. Nature,
392, 442-443.

19. Savill J., Dransfield I., Gregory C. and Haslett C. (2002): A blast from
the past: clearance of apoptotic cells regulates immune responses.
Nat. Rev. Immunol., 2, 965-975.

20. Savill J., Fadok V., Henson P. and Haslett C. (1993): Phagocyte
recognition of cells undergoing apoptosis. Immunol. Today.,
14, 131-136.

21. Savill J. S., Wyllie A. H., Henson J. E., Walport M. J.,
Henson P. M. and Haslett C. (1989): Macrophage phagocytosis of
aging neutrophils in inflammation. Programmed cell death in the
neutrophil leads to its recognition by macrophages. J. Clin. Invest., 83,
865-875.

22. Steinhauser M. L., Hogaboam C. M., Kunkel S. L., Lukacs N. W.,
Strieter R. M. and Standiford T. J. (1999): IL-10 is a major mediator of
sepsis-induced impairment in lung antibacterial host defense. J.
Immunol., 162, 392-399.

23. Stewart J. M. (1993): The kinin system in inflammation. Agents
Actions Suppl., 42, 145-157.

24, Tascini C., Baldelli F., Monari C., Retini C., Pietrella D.,
Francisci D., Bistoni F. and Vecchiarelli A. (1996): Inhibition of
fungicidal activity of polymorphonuclear leukocytes from HIV-
infected patients by interleukin (IL)-4 and IL-10. AIDS, 10,
477-483.

25. Vandivier R. W., Fadok V. A., Hoffmann P. R., Bratton D. L.,
Penvari C., Brown K. K., Brain J. D., Accurso F. J. and Henson P. M.
(2002): Elastase-mediated phosphatidylserine receptor cleavage
impairs apoptotic cell clearance in cystic fibrosis and bronchiectasis. J.
Clin. Invest., 109, 661-670.

58



