Promotion of Neutrophil Apoptosis by TNF-a*
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We examined the ability of TNF-« to modulate human neutrophil apoptosis. Neutrophils cultured with TNF-« alone undergo a
low but significant increase in the number of apoptotic cells. More interestingly, when neutrophils were pretreated with TNFa

for 1-2 min at 37°C and then were exposed to a variety of agents such as immobilized IgG, 1gG-coated erythrocytes, complement-
treated erythrocytes, zymosan, PMA, zymosan-activated serum, fMLFEscherichia coli and GM-CSF for 3 h at 37°C, a marked
stimulation of apoptosis was observed. Similar results were obtained in neutrophils pretreated with TNfe: for 30 min, 1 h, 3 h,
and 18 h. Dose-dependent studies showed that TN&-enhances neutrophil apoptosis at concentrations ranging from 1 to 100
ng/ml. In contrast to the observations made in neutrophils pretreated with TNFe, there was no stimulation of apoptosis when
TNF-« was added to neutrophils previously activated by conventional agonists. Experiments performed to establish the mecha-
nism through which TNF-« promotes neutrophil apoptosis showed that neither reactive oxygen intermediates nor the Fas/Fas
ligand system appear to be involved. Our results suggest that TNie-plays a critical role in the control of neutrophil survival by
virtue of its ability to induce an apoptotic death program which could be triggered by a variety of conventional agonists. The
Journal of Immunology, 2001, 166: 3476-3483.

olymorphonuclear neutrophils are short-lived cells. In thebeen reported regarding the effects of C5a, fMLP, G-CSF, and

absence of appropriate stimuli, they rapidly undergo chardL-6 (3, 5-9).

acteristic changes indicative of apoptosis, including cell During the course of inflammatory processes, macrophages,
shrinkage, nuclear chromatin condensation, DNA fragmentationymphocytes, and/or mast cells produce TNFa powerful prim-
into nucleosome-length fragments, and cell surface exposure dhg agonist of neutrophils (16, 17). Previous in vitro studies have
phosphatidylserine (P31, 2). Apoptosis, which represents an shown that TNFe enhances the expression of CD11b/CD18 on
alternative fate to necrosis, not only determines neutrophil uptak@eutrophils, increases neutrophil adhesion to endothelium, triggers
by macrophages but also is associated with a loss of neutrophddherent neutrophils to release large amounts of reactive oxygen
functions, such as chemotaxis, phagocytosis, stimulated shapetermediates (ROI), and promotes neutrophil degranulation,
change, degranulation, and respiratory burst (3-5). For these reghagocytosis, and Ab-dependent cell-mediated cytotoxicity
sons, neutrophil apoptosis may be considered a mechanism thét8-22).
contributes to the resolution of acute inflammation (1-5). TNF-a has been variably reported either to induce, delay, or

As a first line of defense against host insult, neutrophils arehave no effect on neutrophil apoptosis (6, 23-25). These contrast-

rapidly recruited to inflammatory sites, where the expression ofng results could be explained, at least in part, by recent findings of
their apoptotic program can be modified by a number of agents. IMurray et al. (26), who showed that although prolonged incubation
vitro studies have identified a variety of agents that modulate neu¢>18 h) of human neutrophils with TNk-indeed causes a de-
trophil apoptosis. GM-CSF, IL-2, leukotriene,Bcorticosteroids, crease in the extent of apoptosis, TEan induce apoptosis in a
and LPS inhibit neutrophil apoptosis (6—11), whereas proteolytiqproportion of cells at earlier times<@ h). In the current work, we
enzymes, immune complexes, bacteria and virus induce neutrophié-examine the impact of TNE-on neutrophil survival. We found
apoptosis (12-15). Controversial results, on the other hand, hawhat TNF« plays a critical role in the control of neutrophil sur-
vival. This function is related not only to the recognized ability of
TNF-a to induce the apoptosis in a proportion of neutrophils but
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gered by a variety of conventional agonists.
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(Life Technologies). Immobilized IgG (ilgG) was prepared by incubating Nicoletti et al. (31). Briefly, cell pellets containing 26 10° neutrophils
microplates (96-well flat-botton) with IgG (1 mg/ml in saline) for 18 h at were suspended in 4Q@d of hypotonic fluorochrome solution (propidium
37°C. Before use, plates were washed six times with saline. Complementedide, 50 ug/ml in 0.1% sodium citrate plus 0.1% Triton X-100) and
treated erythrocytes (CE) were prepared as follows. SRBC were sensitizedcubated fo 2 h at4°C. The red fluorescence of propidium iodide in
with specific rabbit IgM Abs. Then they were treated with C5-deficient individual nuclei was measured using a FACScan flow cytometer (Becton
mouse serum for 30 min at 37°C in a shaking water bath. After washingDickinson). The forward scatter and side scatter of particles were simul-
cells were suspended (1% v/v) in RPMI 1640 medium supplemented withtaneously measured. Cell debris was excluded from analysis by appropri-
1% FCS. Recombinant human TNF4L-2, IL-4, IL-6, IL-12, and IFN-y ately raising the forward scatter threshold. The red fluorescence peak of
were purchased from Sigma, and Iks1IL-8, IL-10, IL-18, and GM-CSF  neutrophils with normal (diploid) DNA content was set at channel 250
were purchased from R&D Systems (Minneapolis, MN). Anti-human in the logarithmic mode. Apoptotic cell nuclei emitted fluorescence in
TNF-a polyclonal neutralizing Ab was purchased from R&D Systems. channels 4-200.

Blood samples Neutrophil shape change

Blood samples were obtained from healthy donors who had taken no medyeutrophils (2.5x 10°/ml) suspended in RPMI 1640 medium with 1%
ication for at least 10 days before the day of sampling. Blood was obtainedCS were incubated in a shaking water bath for 5 min at 37°C in the
by venipuncture of the forearm vein, and it was drawn directly into hep-absence or presence of LPS gy/ml) or Con A (10ug/ml). Cells were

arinized plastic tubes. then centrifuged, suspended in PBS, and fixed by the addition of an equal
volume of 0.5% glutaraldehyde in PBS. Neutrophil shape change was mea-

Neutrophil isolation sured by flow cytometry and results were expressed as mean forward scat-
ter values.

Neutrophils were isolated by Ficoll-Hypaque gradient centrifugation (Fi- )
coll; Pharmacia, Uppsala, Sweden; Hypaque, Winthrop Products, Buend€D18 expression
Aires, Argentina) and dextran sedimentation as described elsewhere (27

Contaminating erythrocytes were removed by hypotonic lysis. After Wash—’zl‘eu'[rOIOhiIS (2.5x 10°/ml) suspended in RPMI 1640 medium with 1%

ing, the cells £96% of neutrophils on May-Grunwald-Giemsa-stained cy- - CS Were incubated in the absence or presence of LRE/f2l) or Con

; ; A (10 pg/ml) for 15 min at 37°C. Then cells were washed, fixed with 0.5%
topreps) were resuspended in RPMI 1640 supplemented with 1% FCS. . . ] .
preps) P PP ° paraformaldehyde in PBS for 30 min at 4°C, and washed with PBS. Fi-

Cell cultures nally, cells were stained with FITC-conjugated anti-CD18 mAb. Fluores-
cence was recorded by flow cytometry. Results are expressed as the mean

Aliquots of 0.10 ml of neutrophil suspensions (2510°%ml) were placed  fluorescence intensity (MFI) in arbitrary fluorescence units.

in 96-well flat-botton microplates. Unless otherwise stated, neutrophils o )

were treated with TNFe (1-100 ng/ml) for 1-2 min at 37°C. Then cells Statistical analysis

were stimulated with different agents. Apoptosis was evaluated &fteof

culture at 37°C in 5% CQ as described below. In a separate set of ex

periments, the effect of TNi-on neutrophil apoptosis was evaluated in

whole-blood cultures. To this aim, whole blood was diluted (20% v/v) in

RPMI 1640 medium and aliquots of 0.10 ml of this suspension were placethesults

in 96-well flat-botton microplates. Diluted blood samples were treated with : . .

TNF-a (10 ng/ml) for 1-2 min at 37°C. Then cells were stimulated with Promotion of neutrophil apoptosis by TNE-

S;Zireennctear%?grt:siggyap:sp:joesslir\iAt’)ZSd i‘é?(':\‘,?ted afte of culture by fluo- 1 5 first set of experiments, resting neutrophils were preincubated
' ' with TNF-a (10 ng/ml) for 1-2 min at 37°C and then were cultured

Quantitation of cellular apoptosis and viability by fluorescence in the presence or absence of different stimuli. Aeh of incu-

microscopy bation at 37°C, apoptosis was revealed by fluorescence micros-

Quantitation was performed as previously described (28) using the fluoPY USIN9 the fluorescent DNA-binding dye acridine orange. Fig.

rescent DNA-binding dyes acridine orange (10@ml) to determine the 1 shows that when neutrophils were cultured with TddBione, a
percentage of cells that had undergone apoptosis and ethidium bromidew but significant increase in the number of apoptotic cells was
(100 pg/ml) to differentiate between viable and nonviable cells. With this ghserved. By contrast, when neutrophils were pretreated with

method, nonapoptotic cell nuclei show “structure”; variations in ﬂuores—TNF_a for 1—2 min at 37°C and then were cultured in the presence
cence intensity that reflect the distribution of euchromatin and heterochro-

matin. By contrast, apoptotic nuclei exhibit highly condensed chromatin®f 19G, I9G-E, CE, PMA, ZAS, Z, fMLPE. coli, and GM-CSF,

that is uniformly stained by acridine orange. In fact, the entire apoptoticthere was a marked increase in the apoptotic rate. In contrast, no
nucleus is present as bright spherical beads. To assess the percentaggppbmotion of apoptosis was observed using LPS, Con A, dl-1
cells showing morphologic features of apoptosis, at least 200 cells werg 2 |L-8, IL-10, and IFN-y as stimuli. We then analyzed the

scored in each experiment. Previous observations have demonstrated that ... . . L
morphological assessment of neutrophil apoptosis closely correlates witﬁﬁecntICIty of action of TNFe. Using ilgG, Z, I9G-E, and ZAS as

results obtained using other methods to assay apoptosis, such as propidi@ROptotic triggering agents, we observed that preincubation of
iodide staining and annexin V binding (29). TNF-a with a specific IgG polyclonal neutralizing Ab abolished
the proapoptotic effect of TNk-(data not shown).

During the course of apoptosis, PS, a negatively charged phos-
pholipid, becomes exposed at the cell surface (30). The ability of
Annexin-V binding to neutrophils was performed using an apoptosis de-TNF-« to induce apoptosis was then analyzed by flow cytometry
ssg:g?nlgaélggiugotﬁgh'r'\eﬂger;igec;rF;%ZCeiteBgf%ﬁ)ﬁoslrnﬁ)ugprII; using FITC-labeled annexin-V, which specifically binds to PS, in
min, and then they Wergtreated with ilgG, ZAS, or IgG-ngor an additional combination \_N'th propidium iodide staining. In agreeme_nt with the
period of 3 h. After this period, cells were labeled with annexin-v FITC results described above, we found that when neutrophils were pre-
and propidium iodide for 20 min at 4°C and analyzed by two-color flow treated with TNFe (10 ng/ml) for 1-2 min at 37°C and then were
cytometry (FACScan flow cytometer; Becton Dickinson, San Jose, CA)cultured in the presence of ilgG, a marked increase in the number

using CellQuest analysis software (Becton Dickinson), as previously debf apoptotic cells was observed (Fig. 2). Comparable results were

ibed (30). Result ted t f in-V-positi . . . . . .
scribed (30). Results are reported as percentage of annexin-V-posi Ingserved using ZAS and IgG-E as triggering stimuli, being the

Student’s pairedtest was used to determine the significance of differences
between means, angg < 0.05 was taken as indicating statistical
significance.

Quantitation of neutrophil apoptosis by annexin-V binding and
flow cytometry

cells.

o _ ) S percentage of apoptotic cells 0f53,4+ 2,3+ 2,9+ 3,37+
Quantitation of neutrophil apoptosis by propidium iodide 6, and 68+ 5 for untreated cells and cells treated with ZAS (1/10),
staining and flow cytometry ilgG, TNF-a (10 ng/ml), TNFe plus ZAS, and TNFe plus ilgG,

The proportion of neutrophils that display a hypodiploid DNA peak, i.e., 'espectively (mear: SEM,n = 5, p < 0.01, TNFe treated cells
apoptotic cells, was determined using a modification of the protocol ofvs TNF« + ZAS or TNF« + ilgG-treated cells). Similar results
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FIGURE 1. Promotion of neutrophil apoptosis by TNE-Neutrophils (2.5x 10%/ml) were cultured in the presence or absence of TNEO ng/ml)
for 1-2 min at 37°C. Then cells were treated with ilgG, 19G-E (0.25% v/v), CE (0.25% v/v), PMA (0.5-2.5 ng/ml), ZAS (1/10)ug/(8b, fMLP (10
nM), E. coli (neutrophilE. coliratio, 1:25), LPS (Jug/ml), Con A (10ng/ml), or different cytokines: IL-&, IL-2, IL-8, IL-10, IFN-y, and GM-CSF (100
ng/ml). After 3 h, the percentage of apoptotic cells was determined by fluorescence microscopy. Results are expressed as-ti$EMeaan5-10

experimentss, Statistical significancep(< 0.01) compared with neutrophils cultured with TNFalone.x, Statistical significancep(< 0.05) compared
with control neutrophils.
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FIGURE 2. Promotion of neutro- '\‘9;
phil apoptosis by TN analyzed by 1
annexin-V-binding assay. Neutrophils - ]
(2.5 X 10°ml) were cultured in the -
presencedandd) or absencexandb) Pl o, B
of TNF-« (10 ng/ml) for 1-2 min at staining "100

37°C. Then cells were cultured with (
andd) or without ilgG @ andc) for an
additional period of 3 h, and apoptosis
was analyzed by using FITC-labeled
annexin-V in combination with pro-
pidium iodide staining. A representa-
tive experiment is showm(= 5). Re-
sults are expressed as percentage of
apoptotic cells.
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FIGURE 3. Promotion of neutrophil apoptosis by TNFanalyzed by propidium iodide staining and flow cytometry. Neutrophils X2 B°/ml) were
cultured in the presence or absence of TMEO ng/ml) for 1-2 min at 37°C. Then cells were cultured with ilgG, ZAS (1/10), or IgG-E (0.25% v/v). After
3 h, the percentage of apoptotic cells was determined by flow cytometry as descriateitals and MethodsHistograms of a representative experiment
(n = 6) showing the percentage (M1) of nuclei with hypodiploid DNA content.

were also observed when apoptosis was analyzed by propidiutmophil activation, their ability to increase the expression of CD18
iodide staining and flow cytometry. Treatment with ThFen- as well as to stimulate neutrophil shape change was evaluated by
abled ilgG, ZAS, and IgG-E to trigger a strong apoptotic responseflow cytometry as described iMaterials and MethodsAs ex-
as measured by the increased proportion of neutrophils that displgyected, treatment of neutrophils with either LPSu@/ml) or Con
a hypodiploid DNA peak (Fig. 3). A (10 pg/ml) increased the expression of CD18 (MFIL75 = 23,
We next examined the range of concentrations at which &NF- 312 + 27, and 299+ 16) and also induced neutrophil shape
enhanced neutrophil apoptosis. To this aim, cells were cultured fochange (MFSG= 312 = 31, 487+ 29, and 415+ 21, untreated,
1-2 min at 37°C with different concentrations of TMFThen cells  LPS, and Con A-treated neutrophils, respectively; megaS8EM,
were exposed to ZAS or ilgG, and the percentage of apoptotic neyp < 0.01, untreated vs LPS or Con A-treated cells).
trophils was assessed aft& h of incubation either by fluorescence  Previous observations suggest that standard preparative tech-
microscopy or propidium iodide staining and flow cytometry. Fig. 4 niques using Ficoll-Hypaque gradient and lysis of contaminating
shows that pretreatment with TNE€aused a dose-dependent stim- erythrocytes may result in neutrophil activation, loss of membrane
ulation of apoptosis at concentrations ranging from 1 to 100 ng/ml.integrity, and/or loss of cells during aging by clumping (32, 33).
Results depicted in Fig. 1 also showed that pretreatment witfTo rule out the possibility that our results could be related to the
TNF-a was completely unable to increase apoptosis in neutrophilénduction of cell injury or “priming” during purification, we per-
stimulated with either LPS or Con A. To confirm that under our formed experiments in whole-blood cultures as describeldan
experimental conditions LPS and Con A effectively triggered neu-terials and MethodsDiluted whole-blood samples (20% v/v in
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FIGURE 4. Dose-dependent stimulation of neutrophil apoptosis by TNReutrophils (2.5x 10°ml) were cultured with different concentrations of
TNF-a for 1-2 min at 37°C. Then cells were stimulated by ZAS (1/10) or ilgG, and apoptosis was reveatedl fafdé culture by either fluorescence
microscopy Q) or propidium iodide staining and flow cytometrB)( Results are expressed as the meaSEM of four to six experiments: and s,
Statistical significancep(< 0.01 andp < 0.05, respectively) compared with neutrophils cultured with TdN&lone.
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FIGURE 5. Promotion of neutrophils apoptosis by TNFin whole- FIGURE 6. Analysis of apoptosis after incubation of neutrophils with
blood cultures. Diluted blood samples (20% viv) were treated with TNF- 1NF-a for different times. Neutrophils (2.5 10°%/ml) were cultured with

(10 ng/ml) for 1-2 min at 37°C. Then samples were treated with IgG-E (1%or without TNF« for different times (30 min, 1 h, 3 h, and 18 h). Then cells
VIv), CE (1% V/v), PMA (0.5-2.5 ng/ml), ZAS (1/10), or Z (50g/ml). were cultured for an additional period ® h in theabsence or presence of

After 3 h, the percentage of apoptotic cells was determined by fluorescendidCG and apoptosis was revealed by fluorescence microscopy. Results are
microscopy. Results are expressed as the mea®EM of five experi- expressed as the mean SEM of four to five experiments:, Statistical

ments.#, Statistical significancep(< 0.01) compared with neutrophils ~Significance [ < 0.01) compared with neutrophils cultured with TF-
cultured with TNFe alone. alone at each time point:, Statistical significancep(< 0.05) compared

with untreated cells.

RPMI 1640 medium) were incubated with TNF¢10 ng/ml) for  explained, at least in part, considering previous findings which
1-2 min at 37°C and then they were exposed to different agentsndicated that neutrophil activation by different stimuli induces the
After 3 h of incubation at 37°C, apoptosis was revealed by fluo-shedding of TNFa receptors (34, 35). In agreement with these
rescence microscopy. Fig. 5 shows that, in agreement with theeports, we observed that neutrophil activation by ilgG, 1gG-E,
observations made in purified neutrophils (see Fig. 1), pretreatzAS, or GM-CSF markedly decreased the expression of both
ment of whole-blood samples with TNérinduced a marked stim-  TNF-« receptors (TNF-R55 and TNF-R75) from the cell surface
ulation of apoptosis in neutrophils stimulated by either IgG-E, CE,(data not shown).

PMA, ZAS, and Z.
Promotion of apoptosis by TN&-does not appear to involve

Kinetic of promotion of apoptosis by TNk- the Fas/Fas ligand (FasL) system nor the production of ROI

The above-described experiments were all performed with neutroNeutrophils express not only Fas but also FasL. The Fas/FasL
phils pretreated with TNFe for 1-2 min at 37°C. To analyze system appears to be responsible, at least in part, for the rapid rate
whether the proapoptotic effect of TNEwas also observed with  of spontaneous apoptosis observed for unstimulated neutrophils
longer pretreatments, neutrophils were cultured for different timeg36). We next examined whether promotion of apoptosis by
with TNF-a and then were stimulated by ilgG. Fig. 6 shows that TNF-a was associated with an increase in the expression of Fas
TNF-a markedly increased the proportion of apoptotic cells at alland/or FasL. Neutrophils were pretreated for 1-2 min at 37°C with
of the times assessed. or without TNF« and then they were cultured for 2 h with ilgG.
We next analyzed whether the action of TNFwas reversible.
To this end, we performed another set of experiments in which

TNF-a was removed from the culture medium before the addition 30
of the triggering stimulus. Neutrophils were cultured with TNF- I Untreated
for 2 min at 37°C, washed three times, and resuspended in culture 25 TNFo -treated

medium. Cells were exposed to Z (@y/ml) for an additional
period d 3 h at37°C, and apoptosis was then revealed by fluo-
rescence microscopy. We found that removal of TéFrem the
culture medium did not impair its ability to promote apoptosis:
percent apoptosiss 3 = 2, 4 = 2, 11 = 2, and 61+ 7, for
untreated cells and cells treated with Z (p@/ml), TNF« (10

10
ng/ml), and Z+ TNF-a (mean+ SEM,n = 6, p < 0.05, untreated 54
vs TNF--treated cells, angp < 0.01, TNFe« vs Z + TNF-a-
treated cells). 0

The observations described above were made in experiments in None ilgG IgG-E ZAS GM-CSF
which resting neutrophils were pretreated with TNFer different
times before the addition of triggering stimuli. We then analyzed

whether neutrophils first stimulated with ilgG, 19G-E, ZAS, or i it or without ilgG, IgG-E (0.25% viv), ZAS (1/10), or GM-CSF
GM-CSF undergo an increase in their apoptotic ra_te as ‘T" Cons?ioo ng/ml) for 15 min at 37°C. Then cells were cultured in the absence or
quence of the addition of TNE-to the culture medium. Fig. 7 presence of TNR (10 ng/ml) fa 3 h and apoptosis was revealed by
shows that, in contrast to the observations made in @\#fe-  flyorescence microscopy. Results are expressed as the-mBEM of five
treated neutrophils, we observed no stimulation of apoptosis whesxperiments:, Statistical significancep(< 0.05) compared with neutro-
TNF-a was added to activated neutrophils. These results could bghils cultured without TNF.

204

15+

% apoptosis

FIGURE 7. TNF-a does not increase apoptosis of neutrophils previ-
ously activated by conventional agonists. Neutrophils 2.50°/ml) were
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trophils cultured for 18 h only with IgG-E in which, as we previ-

0 None ously described (14), the promotion of apoptosis induced by 1gG-E
60+ g(a)tglase o was not modified by SOD (data not shown) but was almost com-
0 X 7\ pletely abrogated by catalase: percent apoptesi&3 = 6, 28 +
8 507 %\§ 5,69+ 11, and 34+ 4, for untreated cells and cells treated with
2. 401 /\ catalase (200 U/ml), 1IgG-E (0.25%), and IgG-E plus catalase, re-
S ] %§ spectively (meant SEM, n = 5).
w 30 %\ To further analyze whether the production of ROl was involved
X 204 %§ in the acceleration of neutrophil apoptosis by TNFassays were
%\ performed using neutrophils isolated from three patients with
10 ll% %§ chronic granulomatous disease (CGD), a rare hereditary disorder
0 7z N\ Il@ /4& characterized by a diminished or absent production of ROI due to
None TNFa igG-E  TNFa +IgG-E a defect in any one of the components of NADPH oxidase (39).

Neutrophils from these patients produced, in response to fMLP or
FIGL_JR_E 8. Neither catalase nor SOD prevent the acceleration Qf apoZ, O, levels <1% those produced by normal neutrophils (data
ptosis induced by TNF. Neutrophils (2.5< 10°%ml) were cultured with ot shown). Our results showed that, as observed with normal
or without TNF« for 1-2 min at 37°C in the presence or absence of neutrophils, there was a strong stimulation of apoptosis in CGD
catalase or SOD (200 U/ml). Then I9G-E (0.25%) were added and apop o, o il cultured with TN (2 min at 37°C) and then exposed to
ptosis was revealed aft8 h of culture by fluorescence microscopy. Results Z: percent apoptosis revealetiah of culture by fluorescence mi-
are expressed as the meanSEM of five experiments. croscopy= 4 *= 2,11+ 6,2+ 1, and 53+ 8 for untreated cells and

cells treated with TNFe (10 ng/ml), Z (50ug/ml), and TNFe + Z,

Using the mAb CH-11 directed to Fas and the mAb G247—4 di_respectivelyl(n = 3). These results suggest that promotion of neu-

rected to FasL, we found no differences in the expression of Fas otFOph” apoptosis by TNFe does not involve an oxygen-dependent

FasL between untreated and TNFreated cells. The MFI for Fas pathway.

expression in control cells and cells treated with ilgG, TMEFEO

ng/ml), and TNFe plus ilgG was 28+ 5, 29+ 4, 24+ 5 and  Promotion of neutrophil apoptosis appears to be a selective
23 = 5, respectively (meart: SEM, n = 5). FasL expressioin action of TNFe

cells treated as described above was 3,8+ 2, 6= 3,and 8- \ye next analyzed whether other cytokines could reproduce the
3, respectively (meart SEM, n = 5). These results suggest that effects of TNFe. The following cytokines were assessed: l;1
the Fas/FasL system is not involved in the acceleration of apopton__z’ IL-4, IL-6, IL-8, IL-10, IL-12, IL-18, |FN"Y, and GM-CSE.
sis induced by TNFe. This conclusion was further supported by Neytrophils were incubated with each of these cytokines for 1-2
the fact that pretreatment of neutrophils with a blocking mAb di- min at 37°C and then were treated with Z or IgG-E. Apoptosis was
rected to FasL (NOK-1), used at concentrations 5-fold higher thangyealed by fluorescence microscopy after 3 h of culture. Fig. 9
those needed to saturate all binding sites as determined by FAC§,ows that in contrast to the observations made in TNFeated

analysis, did not impair the acceleration of apoptosis induced b¥1eutrophi|s, none of these cytokines was able to increase
TNF-a: percent apoptosis aft@ h of culture, 74= 11 vs 68= 7 apoptosis.

for TNF-a-treated neutrophils incubated with ilgG in the absence
or presence of the mAb NOK-1, respectivety € 3).

Previous work has shown that after activation by different stim-Discussion
uli, neutrophils undergo apoptosis through an oxygen-dependerfhe results presented here suggest that tN#Hays a critical role
pathway (13, 14, 37, 38). To analyze whether ROI were involvedn the control of neutrophil survival by inducing an apoptotic death
in the acceleration of apoptosis induced by TNFwe determined  program which can be rapidly triggered by a variety of stimuli.
the effect of catalase and superoxide dismutase (SOD). Fig. &hus, our data reveal that when neutrophils were pretreated with
shows that neither catalase nor SOD impaired the acceleration GfNF-a and then were exposed to different inflammatory agents,
apoptosis induced by TNE-in cells incubated fo3 h with either  there was a marked stimulation of apoptosis (range, 30—75%). By
IgG-E or Z. These data contrast with the results obtained in neueontrast, in agreement with previous reports (23-26), we found a

FIGURE 9. Analysis of the ability
of _diﬂerent cytokines to in_crease neutro- 751 1 None
phil apoptosis. Neutrophils (2.5 10°%/ L

ml) were cultured for 1-2 min at 37°C in
the presence or absence of TNFH.- x . IgG-E
1, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12,
IL-18, IFN-y, and GM-CSF (100 ng/m).
Then cells were cultured with or without
Z (50 pg/ml) or 1gG-E (0.25% viv) for

3 h and apoptosis was revealed by fluo-
rescence microscopy. Results are ex- 25+
pressed as the mean SEM of four to 3

seven experiments, Statistical signifi-
cance jp < 0.01) compared with neutro- ﬁ&
phils cultured with TNFe: alone s+, Sta- &i F’L@ = B

tistical significancey{ < 0.05) compared Control TNF-g, IL-1o¢ L2 L4 L6 L8 IL-10 IL-12 IL-18 IFNy GMCSF
with control neutrophils.

= Z

50

% apoptosis
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slight increase in the number of apoptotic cells (range, 9-18%) Although our results support a critical role for TNFin pro-
when neutrophils were cultured only with TNE- moting neutrophil apoptosis, additional experiments are required
Using a broad panel of stimuli which includes immune com-to establish the relevance of this regulatory mechanism. In this
plexes (IgG-E, ilgG), physiologic peptides (fMLP), bacteria ( regard, however, it is important to consider recent findings pub-
coli), yeast (Z fromSaccharomyces cerevisjagoharmacologic lished by Skerrett et al. (41), who examined the role of TNF-R in
agents that activate protein kinase C (PMA), cytokines @,-1 lung acute inflammation. They found that neutrophil infiltration in
IL-2, IL-8, IL-10, IFN-y, and GM-CSF), and ZAS (used as a the lungs after exposure to aerosolizZégeudomonas aeruginosa,
source of C5a), we found marked differences in their ability tobut not after exposure to aerosolized LPS, was augmented in mice
trigger apoptosis of neutrophils treated with TMFON the basis  lacking TNF-R, in comparison with wild-type animals, despite di-
of these differences, these stimuli should be classified in three difninished bronchoalveolar concentrations of chemokines. Since ex-
ferent groups: 1) potent inducers of apoptosis (range, 55—-7594)osure to TNFe enables Gram-negative bacteria, but not LPS, to
such as IgG-E, ilgGE. coli, and Z; 2) moderate and low inducers trigger a strong apoptotic response, these observations could reflect
of apoptosis (range, 30—45%), which include fMLP, ZAS, CE, the ability of P. aeruginoseelicited, but not LPS-elicited neutro-
PMA, and GM-CSF; and 3) agents unable to enhance apoptosi®hils, to survive longer in lung airspaces from TNF-R-deficient
such as LPS, Con A, ILd, IL-2, IL-8, IL-10, and IFN+. Notonly ~ @nimals.
conventional agonists appear to be able to accelerate apoptosis of/" sSummary, we found that TNE-plays an important role in the
TNF-a primed neutrophils. Recent results published by Kettritz etcontrol of neutrophil survival by virtue of its ability to induce an

al. (40) showed that extracellular matrix proteins, such as fibronec2Poptotic death program that can be triggered by a variety of con-
tin, collagen I, collagen 1V, and laminin, may also be able to in- ventional agonists. Additional experiments are required to eluci-

duce a low but significant increase in the apoptotic rate of TNF-date the signaling pathways involved in TNFpriming as well as

a-treated neutrophils. to define the impact of this mechanism in the resolution of acute

The mechanisms through which TNFincreases neutrophil ap-
optosis have not been defined yet. The observation that a blocki

inflammatory processes.

n
Ab directed to FasL was unable to prevent apoptosis supports tré‘CknOWIGdgmemS

notion that the Fas/FasL system is not involved. Moreover thaVe thank Selma Tolosa and Marta Filippo for their technical assistance
inability of catalase and SOD to decrease apoptosis and, mor@'d Mara Rita Furnkorn for her secretarial assistance.

importantly, the fact that TN was able to promote apoptosis of
CGD neutrophils argues against the participation of an oxidative-
dependent pathway. In this regard, it is important to consider our
previous results indicating that 1) IgG-E stimulates apoptosis of
resting neutrophils, revealed at 12—18 h of culture (this effect was
not evident in the current study since apoptosis was always re-
vealed at 3 h of culture); and 2) the enhancement in the apoptotic3-
rate induced by IgG-E is almost completely abrogated by catalase,
and it was not observed in neutrophils from CGD patients (14).
These data suggest that, in contrast to what was observed in TNFé
a-primed neutrophils, stimulation of apoptosis of resting neutro-
phils by IgG-E involves an oxygen-dependent pathway. Similar
results were obtained by using ilgG and Z as stimulus. Catalase™
markedly inhibited apoptosis of resting neutrophils induced by
ilgG or Z (revealed at 18 h of incubation), whereas it did not exert 7-
any effect on apoptosis of TN&-primed neutrophils triggered by
these stimuli (G. Salamone, unpublished results). Together, these
data suggest that TN&-not only enables different stimuli to trig-
ger a strong apoptotic response, but also modifies the mechanisms
through which these stimuli induce neutrophil apoptosis.

We have also observed that TNFdoes not increase apoptosis
of neutrophils first activated by conventional agonists. This result

1.

2.

could be explained, at least in part, considering previous findingéo'
from Porteu and Nathan (34) which indicated that neutrophil ac-1.

tivation by a variety of agents results in the shedding of TNF-R

from the cell surface. In agreement with these results, we observeg,

that activation of neutrophils by ilgG, 1gG-E, ZAS, or GM-CSF
results in a rapid loss of both TNé&-receptors (TNF-R55 and
TNF-R75; our unpublished results).

Having demonstrated that TN&promotes neutrophil apopto-

sis, we also sought to determine whether other cytokines such as

IL-1q, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IL-18, GM-CSF, and

IFN-v could also exert a similar function. Using Z and IgG-E as

triggering stimuli, we found no enhancing effects, suggesting that

TNF-a has the unique ability, not shared by other cytokines, tol6.
induce an apoptotic death program which could be rapidly trig-,,

gered by a variety of conventional agonists.

13.
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